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Methods arc provided for the replication and amplification of RNA sequences by 
theraioactive DN A polymerases. The reverse transcription reaction is performed in an 
appropriate buffer comprising a metal buffer which buffers the divalent cation concentration 
and which buffer preferably buffers both the pH and the divalent cadon concentration. Said 
divalent cation is preferably Mn2+. In a preferred embodiment, high tcmpcranne reverse 
transcription is coupled to nucleic acid amplification in a one mbe, one enzyme procedure 
using a thermostable DNA polymerase. Methods for elinunating carry over contamination of 
amplifications due to prior reverse transcription reactions are also provided. Reagents and 
kits particulaity suited for the methods of the present invention are provided. 
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EAN4Q25QSi4Q 

The present invention relates to the field of nwlecular biology and provides methods 
and reagents which are paiticulariy useful for the replication and amplificaticm of ribonucleic 
acid (RNA) sequences. In another aspect, the invention provides methods for sterilizing a 
reverse transcription reaction, a homogeneous reverse transcription/amplification reacticm ot 
an an^lification reaction contaminated with nucleic acids generated &oti a previous reverse 
transcription reaction. In a further aspect, the invention provides methods for reverse 
transcribing a target RNA naolecule in a sair^le. 

Fot a description of the related art and the explanation of the term used in the present 
patent application it is referred to a related patent application, viz. International Patent 
Application, Publication No. WO 91/09944, which provides high temperature inverse 
transcription methods. 

With regard to the present invention it is noted that Taq polymerase has been reponed 
15 to inefficientiy synthesize cDNA using Mg2* as the divalent metal ion (Jones and Foulkcs. 
1989, Nuc. Adas. Res. 17fi:8387-8388). Tse and Forget, 1990, Gene M:293-296; and ' 
Shaffer et al.. 1990, Anal. Biochem. 120:292-296. have described inethods for amplifying 
RNA using Taq polymerase and Mg2+ ion. However, the methods are inefficient and 
insensitive. For example. Tsc and Forget demonstrate that 4 ^g of total RNA is required to 
20 gcner^tc sufficient PGR picdua for eihidium bromide-stained gel visualization, using an 
abundantly expressed mRNA target. In addition, false positive signals from DNA template 
(PGR product from prior reactions or plasmid DNA contamination) were not rigorously 
excluded. 

25 The present invention addresses this need and provides improved methods and 

reagents, in particular improved buffer systems for high tempciature cDNA synthesis by 
thermoactive DNA polymerases. The reagents of the present invention are paiticulariy 
suitable for a one enzyme, one tube, coupled reverse transcription/amplification assay using 
a thermostable DNA polymerase. 



30 
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In one aspect, the invention provides a method for amplifying a target RNA molecule 
in a sample, the method comprising the steps of: (a) treating the sample in a reaaion inixiurc 
comprising a first and second primer, wherein the first primer is sufficiently complementary 
to the target RNA to hybridize therewith and initiate synthesis of a cDNA molecule 
complementary to the target RNA. and the second primer is sufficienUy homologous to the 
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Ownnostablc DN A polymerase v ^ ^^^^ 

LlJdp.midi.ghydr,(^»» tanking. 

„bodim.n, said bofto t«nh» a»|»i«s NJi.W2.h:rf»>.>cO.,l)8l)rcu,. or 

ethvDElycinc). and potassium acetate (also wnttcnKOAc or NVJis*-^ 
25 DNAplJn-ispref-bly e,eT.ennusaauaticusDNApolynx:nseorthe« 
" :Z.^ONA;yn«..se.n».p.fe.b.y«co.b^an^^DN^^^^^^ 

preferred embodiment *e temperature at step (a) is between 40 C and 80 C. 

•n.c pxsen. invention provides also methods for stcxiUzing reverse tnmsaiption 
30 reactions, amplif.cadon reacdons. and homogeneous reverse transoipuon/amphficat^on 
:lL.co— edwithnucleicaci^ 

amplificadon. and/or homogeneousrever^transcription/amplifi^^^ 
rip.e.heinvendonprovidesame,hodofsterilizingareverse.ranscnpuonr^^^ 
c^Zunatcd with nucleic adds genentedfr^maprevious averse rranscnpuonw^^ 

rZlverse transcription resulted from mixing conventional and unconvennonal 
' rrrWesLarever^tran^:,^^^^ 

pnTts having the conventional and unconventional nucleotides incorporated therem. 
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which method comprises degrading the contaminating nucleic acids by hydrolyzing covalent 
bonds of the unconventional nucleotides. 



In another aspect, the invention provides a method of sterilizing a reverse 
5 transcription reaction contaminated with nucleic acids generated from a previous 
homogeneous reverse transcription/amplification reaction wherein the previous 
honoogeneous leacdon resulted finom mixing conventional and unconventional nucleoside 
triphosphates into a h(HiK>ger>eous reverse transcription/amplification reaction mixture and 
generating cDNA and an;q)lified products having the conventional and unconventional 
10 nucleotides incorporated therein, which method comprises degrading the contaminating 
amplified products by hydrolyzing covalent bonds of the unconventional nucleotides. 

In one embodiment this method er)compasses degrading the contaminating nucleic 
acid product with uracil-DNA glycosylase in an aqueous solution containing a target nucleic 

15 acid sequence; which further comprises inactivating the glycosylase in the presence of the 
target nucleic acid sequences (such as by heating); and, reverse transcribing and amplifying 
the target sequence by a thermostable DNA polymerase. The degradation of the 
contaminating product may be accomplished while the product is in contact with a nucleic 
acid reverse transcription/amplification reaction system. Thus, one can prepare a sample for 

20 reverse transcription/amplification, treat the sample by the present method to degrade any 
contaminating nucleic acid generated by a previous reverse transcription, amplification, 
and/or homogeneous reverse transcription/amplification reaction, and then amplify the target 
nucleic acid in the sample without having to adjust reaction volume or composition between 
steps, 

25 

In another aspect, the present invention provides reagents comprising a metal buffer 
which buffers the manganese ion concentration and which, in a preferred embodiment, 
buffers both the pH and the manganese ion concentration. The buffers significantiy expand 
the usable range of manganese and dNTP concentrations in die methods of the present 

30 invention, thereby increasing the assay robusmess and reducing problems with manganese 
chelatOTS introduced during sample preparation. The buffers enable the use of higher dUTP 
concentrations in the sterilization methods of the present invention, which enhances dUTP 
incOTpcration in some targets and increases the efficiency of the sterilization by reducing the 
divalent metal ion concentration and lowering the ionic strength of the reaction mixture. The 

35 buffers also reduce the Mn^* catalyzed RNA hydrolysis, which enables longer reverse 
transcription times for the reverse transcription of rare and/or longer targets. Furthermore, 
the buffers and reagents (e.g., dNTPs) of the present invention are easier to produce because 
of the relaxed concentration tolerances and provide improved storage and stability 
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aK>novalentcadon.andabuffcnngagcnuwhc^nthcd^^^^ 
bufferingaEentisachcladngag.m*a.bi.^.wh«^^^ 
bindin. -ctio„ofsaidbuffcringagcntat20-Ca«iaiM^^^ 

105.p.f«ably between lO^ ^ ^^^I'^^^^^^^^^^u.ghydn,^ ion 

p.r«^^e..aidb„ffe™jg^gc^^^^ 

buffering. whe«inAepKarfsaidt«ffcrat2^««^^ 

comprises manganese acetate. ^"^"^-^OH^and ^ ^ ^ ^ 

alsoprovidesamcthodforn.vase.nnsc^ga^«^^ 
n^cthodcomprisingthestepsof: o^nngsa^P^-^^ 

nmviHe a cDNA molecule complementary to said target RNA.wncrcj. 

::Xr-ringagent.tb.ds^^^^^ 
0 rcactionofsaidbufrerat20Xand0.1M.omcst«n^tsbc^«nl" 
between lO^ and 10*. more preferably between Vfl^ and 1(P - 

Fc.ade.aileddescripdonofthebackg«>undto.he present invention it is tefen^l to 
WO 91A)9944 which is hereby incorporated by reference. 

m following Figures may help to understand the present ir^endon. 

Hgureldepictsthexesultsofextensionreacdons described in ExampleV.w^^^ 
.herealrfncie^yisassayedoverarangeofmanganescconcentn^^^ 

30 buffer conditions. 

Rgureldepicts the results of the RT/PCRdescribed in Example9.-herein the 
usablerangeofdNTPconcen,rationisassayedusingdiffercmbuffercond.t.ons. 

TT. present inventionrelatestoimproved methods forefftdenUyre^ 

. .JltL RN A -nius. e.g. methods are piovided for a coupled, one tube procedure 
and amplifying KTJA. inub. b „,i f«- modifVine reaction components 

,hat eliminates theneedtoopenthereaction vessel formocW^^ 

between the reverse transcription and amplificauon steps. In this way the etTects carxyo 



35 



2127188 

-5- 

contamination of RN A reverse transcripdon/amplificanon assays due to rcveisc transcribed 
or amplified products from previous reactions arc minimized. 

The methods of the present invention comprise treating a san^lc containing said 
5 RNA template vwth an oUgonuclcotidc primer, which primer is sufficiently con^lementary to 
said RNA tcn^latc to hybridize therewith, and a thermoactivc DN A polymerase in the 
presence <tf all fourdcoxyribonudcofldc triphosphates, in an appropiatc buffer coa^)riang 
a metal buffer which buffers the manganese ion concentration and which, in a preferred 
embodiment, buffers both the pH and the manganese ion concentration, and 
10 is perfoniied at a temperature sufiRdem for said primer to hybridize to said RNA ^ 
did said thermoactive DNA polymerase to catalyze the polymerization of said 
dcoxyribonuclcoside triphosphates to form a cDN A sequence complementary to the 
sequence of said RNA template. According to the invention, the DNA polymerase may be 
thenrK>stable as well as thermoactive. 

15 

In another aspect, a primer suitable for annealing to an RNA template may also be 
suitable for amplification by PGR. For PGR, a second primer, complementary to the reverse 
transcribed cDNA strand, provides a site for initiation of synthesis of an extension producL 

20 In the amplification of an RNA molecule by a thermoactive DNA polymerase, the 

firet extension reaction is reverse transcription using an RNA template, and a DNA strand is 
produced. The second extension reaction, using the DNA tcmplatt, produces a double- 
stranded DNA molecule. Thus, synthesis of a complementary DNA strand from an RNA 
template by a thermoactive DNA polymerase provides the starting material fw an^lification. 

25 

Thermostable DNA polymerases can be used in a coupled, one-enzyme reverse 
transcription/amplification reaction. Methods arc provided for both non-homogeneous and 
homogeneous RT/PCR assays. The term ^^homogeneous" as used herwn refers to a two- 
step single addition reaction for reverse transcription and anqplification of an RNA target 
30 By homogerieous it is meant that following the reverse transcription siq), there is no need to 
open the reaction vessel or otherwise adjust reaction components priOT to the amplification 
step. In a non-homogeneous RT/PCR reaction, following ; averse transcription and prior to 
amplification any one or more of the reaction components is adjusted, added, or diluted 
including enzyoK, primers, divalent cation, salts, pH, or dNTPs. 

35 

The term ^^homogeneous reverse transcription/anq)lification reacticm mixture" refers 
to an aqueous solution compriang the various reagents used to reverse transcribe and 
amplify a target RNA. These include enzymes, aqueous buffers, salts, oligonucleotide 
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primcre, target nucleic acid, and nucleoside triphosphates. Depending upon the context, the 
mixture can be cither a complete or incomplete honrwgcncous reverse 
transcription/amplificaiion reaction mixture. 

5 The present invention relates also to simplified and improved methods for detecting 

RNA target molecules in a sample. These methods employ thcraiostablc DNA polymerases 
to catalyze reverse transcription, second strand cDNA synthesis, and, if desired, 
amplification. Prior inethods required two sets of incubation conditions, necessitated 
use of different enzymes for each procedure The nocthods of the present invention provide 

10 RNA transcription and amplification with significandy enhanced specificity and with fewer 
steps than previous RNA cloning and diagnostic methods. These methods are adaptable fot 
use in kits for laboratory or clinical analysis. 



The term **reverse transcription reaction mixture" refers to an aqueous solution 
1 5 con^msing the various reagents used to reverse transcribe a target RNA. These include 

enzymes, aqueous buffers, salts, oligonucleotide primers, target nucleic acid, and nucleoside 
triphosphates. Depending upon the context, the mixture can be dthcr a complete or 
incomplete reverse transcription reaction mixture. 

20 For amplification of the cDNA produa a number of methods arc available to one of 

ordinary skill in the art As used hcrdn the term "amplification reaction system" refers to 
any in vitro means for multiplying the copies of a target sequence of nucleic acid. Such 
methods include but arc not Umited to polymerase (PGR). DNA Ugasc (LCR), Qp RNA 
rcplicasc. and RNA transcription-based (TAS and 3SR) ampUfication systems. However, 

25 the homogeneous RT/PCR methods described herein have significant advanugcs over multi- 
step, multi-enzyme ampUfication methods such as 3SR in that only one polymerase enzyme 
is used. 

Indeed, several different nucleic acid-based amplification systems can benefit fiom 
30 the considerable broadening of the divalent metal ion (e.g., Mn^+) optinia, and the 
surprising expansion of the distincdy different dual optima foe RNA template-directed 
synthesis and DNA template-<iirccted synthesis. AU of these systems arc based on the PGR 
prt)ccss in that a product synthesized in one cycle or in a portion of a reaction serves as 
template in a succeeding cycle or in a succeeding portion of a reaction. In the Ugase Chain 
35 Reaction (LCR, Wu and Wallace, 1989, Genomics 4:560-569 and Barany, 1991, Proc. 
Nad. Acad. Sci. USA S&: 189- 193, which arc incorporated herein by reference), four 
oligonucleotides arc used to amplify an intended segment of DNA with a DNA ligase in the 
presence of Mg2+ and necessary cofactors. Use of stringent annealing tcmpcramrcs and a 
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ihcimoactivc and themwresistant DNA ligase significantly unproves ihe scnsitiviiy of this 
process and ihc ability to discriminaic allelic differences. Whether one uses a narivc 
thennophilic DNA ligase (e.g.. Takahashi« Yamaguchi and Uchida« 1984. J. Biol. Oiem. 
252:10041-10047, incorporated herein by reference) or a recombinant ihcrmophilic DNA 
ligase (e.g^ Barany and Gelfand, 1991, Gene JIJ2:1-1 1, incorporated herein by reference), 
the buffers and buffering agents of this invention are useful for broadening the metal ion 
optima, for facilitating both RNA template-directed ligation and DNA template-directed 
ligation, and for increasing the stability of RNA templates at elevated temperatures in the 
presence of divalent metal ions. 



Similarly, nucleic acid amplification processes derived from PGR and LCR which 
use two or nwrc enzymes (e.g.. Polymerase Ligase Chain Reaction, Barany, 1991, PGR 
Methods and Applic. 1:5-16; or Gap-LGR, PCT Patent Publication No. WO 90/01069; or 
Repair Ghain Reaction, European Patent Application, Publication No. EP-A-439,182, 

1 5 which arc incorporated herein by reference) will benefit from the buffers and buffering 
agents of the present invention due to the broadening of the divalent metal ion optima for 
cither CH" both RNA template-directed synthesis and DNA template-directed synthesis and to 
the increased stability of RNA templates at elevated temperatures in the presence of divalent 
metal ions. This is of particular advantage when the different nucleic acid interacting 

20 en2ymcs used in the process normally have different divalent metal ion optima. 

Similarly, isothermal nucleic acid amplification processes (e.g., 3SR, Kwoh £i al-. 
1989, Proc. Nad. Acad. Sci. USA M:l 173-1 177, Guatelli £i al- 1990, Pioc. NaU. Acad. 
Sci. USA 82:1874-1878. PGT Patent Application, Publication No. WO 92A)880A; NASBA, 

25 U.S. Patent No. 5, 130,238, which arc incorporated hercin by rcfercnce) that utilize multiple 
enzymes will benefit from this invention and the broadening of the divalent metal ion optima 
for either or both RNA template-directed synthesis and DNA template-directed synthesis. 
This is of particular advantage when the different nucleic acid interacting enzymes used in 
the process nonmally have different divalent nietal ion q)tima. The isothermal amplification 

30 systems described above all utilize mesophilic or nonihennoactive and ihcnmosensitive 
nucleic add binding enzymes. Isothermal amplifications systems based on analogous 
thcrmoactive and thermorcsistant enzymes (e.g., substitution of [1] Thermus ihermophilus 
DNA polymerase for AMY or MoMuLV reverse transcriptase, [2] Themius thermophilus 
RNase H [Itaya and Kondo, 1991, Nuc. Acids Res. 12:4443-44491 for E. coli RNase H 

35 and [3] Thenmus thermophilus phage <t>YS40 (Sakaki and Oshima, 1975, J. Virol. 15: 1449- 
14531 RNA polymerase for bacteriophage T3, T7 or SP6 RNA polymerases) will 
particularly benefit from the buffers and buffering agents of the present invention for the 
reasons stated above as well as the increased stability at elevated temperanires of RNA 
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tcmplatcs in the ^escncc of divalent metal ions and the buffers and buffering agents of this 



invention. 
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TTus invention is not limited to any particular amplification system. As other systems 
arc developed, those systems may benefit by practice of this inventiotu A recent surv- of 
amplification systems was published in Abramson and Myers, 1993, Current Opinion in 
Biotechnology 4:41-47, incorporated herein by reference. 

•me term "amplification reaction mixture" refers to an aqueous solution comprising 
the various reagents used to amplify a target nucleic acid These include enzymes, aqueous 
buffers, salts, amplification primers, target nucleic acid, and nucleoside triphosphates. 
Depending upon the context, the mixmre can be cither a complete or incomplete amplification 
reaction mixture. In the preferred cmbodinient of the invention the ampUfication system is 
PCR and the amplification reaction mixture is a PGR mixture. 

The term "buffer", as used herein, refers to a solution containing a buffering agent or 
a mixture of buffering agents and. optionally, a divalent cation and a monovalent canon. 

The present invention is suitable for transcribing and amplifying RNA from a 
20 number of sources. The RNA template may be contained within a nucleic acid preparation 
from an organism, for example, a virnl or bacterial nucleic acid preparation. The preparation 
may contain ccU debris and other components, purified total RNA, or purified mRNA. The 
RNA template may be a population of heterogeneous RNA molecules in a sample or a 
specific target RNA nwleculc. 

25 

RNA suitable for use in the present methods may be contained in a biological sample 
suspected of containing a specific target RNA. The biological sample may be a 
heterogeneous sample in which RNA is a small portion of the sample, as in for example, a 
blood sample or a biopsied tissue sample. Thus, the nKthod is useful for cUnical detection 
30 and diagnosis. The RNA target may be indicative of a specific disease or infectious agent 

RNA is prepared by any number of methods such as those referred to in 
WO 91/09944. 

35 Synthetic oligonucleotides can be prepared using the triester n^ihod of Mattcucd ei 

al., 1981, J. Am. Chem. Soc. 101:3185-3191, incorporated herein by reference. 
Alternatively automated synthesis may be preferred, for example, on a Bioscarch 8700 DNA 
Synthesizer using cyanoethyl phosphoramidite chemistry. 
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For primer extension lo occur this primer must anneal to the RNA template. Not 
every nucleotide of the printer must anneal to the template for reverse transcripti(xi to occur. 
The prinncr sequence need not rcflea die cxaa sequence of the template. For exanq)lc a 
5 non-complementary nucleotide segment may be attached to the 5 end of the primer with the 
remainder 6[ the primer sequence being complementary to the RNA. Altemarively, non- 
complementary bases can be interspersed into the primer, provided that the primer sequence 
has sufficient complementarity with the RNA ten^late fw hybridization to occur and allow 
synthesis of a complementary DNA strand. 

10 

Prior methods of cDNA preparation required a pre-annealing step. Dcstabilizanon of 
secondary and tertiai)* structure of the RNA template may be required to allow the primer to 
hybridize to the RNA. Generally, annealing is accon^lished by various means and is 
routinely accomplished in the presence of an annealing buffer. Maniatis ct aL, 1982, 

1 5 "Molecular Qoning: A Laboratory Manual*, Cold Spring Harbor, New York, provide 
examples of annealing buffers. Annealing methods include, but arc not limited to, 
incubating the RNA/primer mixnirc at a high temperature for a shon period of time followed 
by step-wise cooling or quick chilling the mixture in a dry icc/ethanol bath. To prevent intra- 
siiand secondary structure interactions from interfering with cDNA synihc5..s or primer 

20 annealing, at the low temperatures used previously for reverse transcription, some 

investigators modify the RNA template by trcatnxnt with chcnucal denaturants such as 
mcthylmcrcury hydroxide (Baily and Davidson, 1976, Anal. Biochcm. TQ'JS). However, 
such dcnamranis are generally highly toxic, carcinogenic compounds and must be carefully 
removed to prevent enzyme inhibition. 

25 

Although the primer must anneal to the template for reverse transcription to occur, a 
separate annealing step is not a necessity. Because ihermoactive reverse transcriptase 
activity is not irreversibly denamred at the high temperatures preferred for stringent 
annealing, there is no need for the quick chill or step- wise cooling of the denatured template, 

30 priOT to the addition of the polymerase. Prior methods necessitated that the heated, 

denatured RNA was cooled in a manner that would maintain the annealed primer-template 
structure while reducing the temperature to provide conditions compatible with enzyme 
activity, usually 37-42*C Methods for high temperature reverse transcription of RNA and 
eliminates the necessity of a prc-anncaling step and the use of chemical denaturants (sec e.g. 

35 Examples 1 to 4). The present invention provides improved means for destabilizing RNA 
secondary and tertiary structure. The elevated temperatures for reverse transcription with a 
thermostable DNA polymerase further destabilize RNA bccondaiy and tertiary structure and 
also serves to denature double-stranded RNA target 
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nw present methods provide that revase transcription of the annealed primcr-RN A 
template is catalyzed by a thctmoactivc or thermostable DNA polymerase. As used herein. 
Ae temt "thcrnKWablc polymerase- ntfers to an enzyme that is heat stable or heat resuaant 
5 and catalyzes polymerization of deoxyribonudcotidcs to form primer extension products that 
arc complementary to a nucleic acid strand. Ttemostablc DNA polymerases useful hercui 
arc not incversibly inactivated when subjected to elevated temperatures for the time 
necessary toeffeadcstabilization of single-stranded nucleic acids ordcnaturation of A^^^ 

soanded nucleic acids during PGR amplification. Irreversible denaniraiion of the enzyme 
10 refers to substantial loss of enzyme activity. Preferably a thermostable DNA polymerase 
wiU not irreversibly denamre at about 90-100-C under polymerization conditions. 

In another aspea of the invention, U is only essential that the DNA polymerase for 
high tcn^)erature reverec transcription is thetmoactive. As used herdn. the term 

1 5 "thcrmoactive polymerase" refers to an enzyme that is capable of efficiently catalyzing 
polymerization of deoxyribonudcotidcs to foim a primer extension product complementary 
to a nuddc add template strand at tempcramres equal to or greater Uum &fa According to 
the present invention, thcrmoactive polymerases for reverse tnmscription have maximal 
activity over 50*0 The thcrmoactive DNA polymerase will not irreversibly denature at 

20 tempcramres between 50-80'C under conditions for RNA destabilization and primer 
annealing. 

In the examples provided, the thcrmoactive DNA polymerases are also thcmwstablc; 
however, a thcrmoactive. non-thermostable enzyme is also suitable for practidng the present 

25 invention. Because the preparation of cDNA from an RNA template does not involve 

repeated dcnaturation cycles at elevated tempciaturcs. it is not essential that enzymes useful 
in the method arc theimosuible as wdl as thcrmoactive. However, in one embodiment of the 
invention, a homogeneous RT/PCR procedure is provided. Because the reaction 
components arc not adjusted between the RT and PGR steps, a thermostable DNA 

30 polymerase is preferred. 

TTic heating conditions wiU depend on the buffer, salt concentration, and nucleic 
acids being denatured. Of course, it wUl be recognized that for the reverse transcription of 
mRNA. the template molecule is generally single-stranded and. therefore, a high temperature 
35 dcnaturation step is unnecessary. However, double-stranded RNA also provides a suitable 
template for the reverse transcription/amplification methods described, following an initial 
denanitation or strand-separation step. The present invention provides buffers which 
decrease RNA degradation at the high tempcramres required for heat denawnuion of double- 
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stnndcd RNA, thereby improving the efficiency of reverse transcripuon/amplification 
reactions from double-stranded RNA templates. The buffers of the present invention permit 
brief, very high temperature treatment of the complete reaction mixture to further destabilize 
any RNA secondary and tertiary structure immediately prior to the prinwr annealing step of 
5 the reverse transcription reacticm (Exanq)le 12). Etouble-stranded RNA templates may 
include, for example, Reo virus, blue tongue virus, Colorado tick fever virus, and yeast 
killer factor. 

Teiiq)eratures for RNA destabilization typically range from 50-80*0 A first cycle 
10 of primer dongadon provides a double-stranded template suitable for denaturanon and 

an^lification as referred to above. Temperamres for nucleic acid denaturation typically range 
from about 90 to about lOO'C for a time sufficient for denaturation to occur, which depends 
on the nucleic acid length, base content, and complementarity between single-strand 
sequences present in the sample, but typically about 10 seconds to 4 ininutes. 

15 

The thermostable or thermoactive DNA polymerase preferably has optimum activity 
at a tcnq)eraturc higher than about 40'C, e.g., 60-80*C, At temperatures much above 42*C. 
DNA and RNA-dependcni polymerases, other than thermostable or thermoactive DNA 
polymerases, arc inactivated. Shimomave and Salvato, 1989, Gene Anal. Techn. fi:25-28. 

20 incorporated herein by reference, describe tiiat at 42'C AMV-RT has maximum activity. At 
50'C the enzyme has 50% activity, and at 55'C AMV-RT retains only 10% of its optimal 
level of activity. Thus, AMV-RT is inappropriate for catalyzing high temperature 
polymerization reactions utilizing an RNA template. Only the present method provides 
methods for efficient high temperature reverse transcription with thermoactive DNA 

25 polymerases. 

Hybridization of primer to template depends on salt concentration as well as 
composition and length of primer. When using a thermostable or thermoactive polymera:,c, 
hybridization can occur at higher temperatures (e.g., 45-70*Q which are preferred for 
30 increased selectively and/or higher stringency of priming. Higher temperature optimums for 
the polynxrase enzyme enable RNA reverse transcription and subsequent amplification to 
proceed with greater specificity due to the selectivity of the printer hybridization process. 
Preferably, the optimum temperature for reverse transcription of RNA ranges from about 55- 
75'C, more preferably 60-70*C 

35 

The present invention provides a method for reverse transcription of an RNA 
template, having enhanced primer-direaed specificity, catalyzed by a thermostable DNA 
polymerase. The methods disclosed arc improved over prior methods for the reverse 
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mixture in the presence of reverse transcnptase at 37-42 C pnor to 
a^UficatioaLtion. only by thcpresent invention are aU of theenzyn^ 

^Uficationca^ayzedbyathetn^stableDNApolytnen^ 
^bythecooHnereial availability ofTaqandTthDNApolyn^n^ 

^f,prepa^gmDNApolyn«a«.a^^«-^;:;^^^^ 

nnlv^emse reverse transcripticnA5N A ampUficaiion kits (Pcitan Elmer. Norwall^ C i ) are 

ro!^c:ri::ZLHere..appUcable.reve«c™ 

cDNA preparation ard coupled reverse tnmscription/cDNA ampbf^cauon of RNA. 

DN A amplification procedures by PGR are well known and are described in U.S^ 
; Patent Nos. 4.^3.195. 4.683.202. and 4.965.188. each of which is incorporated h«..n by 
iLnce. Foreaseofundersu^dingtheadvanugesprovidedbythepresen mv^uc^a 
«ofPCR is provided PCRrequirestwoprimers that hybridize w.th the doub^ 

irt^getnucleraddsec,uence.obeamplifiedlnPCR.thisdoub^^^^ 
Zenccis denatured and one prin^r is annealed to each strand of the denan«d target 

0 ^iralealtothetargetnucleicacidatsitesremovcdl^oneanothcranrnon^^^^^^ 

:hthattheextensior,productofoneprirner.whcn=.panuedfr.m.tsc«mpleme^ 

Udi...o.heoa,erprirner.Onceagivenprimerhybridi.cstothetarg«^^^^^ 

primerisextended by the actionof aDNA polymerase. ^ extension product rs then 

denamred from the target sequence, and the process is repeated. 

L,successivccyclesofthisp.«.ss.theextensionproductspr«luced^^ 
cycles serveastemplatesfor DNA synthesis. Beginning in the second cyc^d. product of 
alplificanon begins to accumulate atalogari,hmicrate.mampUficauonprodu^ 
rr^double-sLdedDNAmoleculecomprising: a ftrst strand which contains *e^ 
30 sequenceof.hefirstprime^.evcnnraUyfoUowedbyu^esequencecomplementarytot^ 

second primer, and a second strand which is complementary to .he firs, strand. 

Due U) the enormous amplificadon possible with the PGR pmcess. small levels of 
DNA carryover from samples wid, high DNA levels, positive contrel templates or from 
35 previousampir.cadonscanresultinPCRproduct,evenintheabsenceofp.^^f2 
ddedtemplateDNA. If possible. aU reaction mixes ^ set up m an area s.j«ua.fr^ 
p^uct analysis and sample preparation, m use of dedicated or^^^^^^^^' 
solutions, and pipettes (preferably positive displacemem p.pettes) for RNAA5NA 
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preparation, reaction mixing, and sample analysis will minimize cross contamination. Sec 
also Higuchi and Kwok, 1989. Nature, 222:237-238 and Kwok, and Oncgo, in: Innis et 
aL eds,, 1990 TCR Protocols: A Guide to Methods and Applications", Academic Press, 
Inc., San Diego, CA, which are incorporated herein by reference. 

5 

One particular method for minimizing the effects of cross-contamination of nucleic 
acid an^lification is described in PCX Patent Publication No. WO 92/01814 and U.S. Patent 
No. 5.035,996, which are incorporated herein by reference. The method involves the 
introduction of unconventional nucleotide bases, such as dUTP, into the amplified product 

10 and exposing canyovcr product to enzymatic and/or physical-chemical treatment to render 
the product DNA incapable of serving as a tcnq)laic for subsequent amplifications. For 
example, uracil-DNA glycosylase, also known as uracil-N-glycosylasc ot UNG, will 
remove uracil residues from PGR product containing that base. The enzyme treatment 
results in degradation of the contaminating carryover PGR produa and serves to "sterilize" 

15 the amplification reaction. 

The term "unconventional" when referring to a nucleic acid base, nucleoside, or 
nucleotide includes modifications, derivations, or analogs of conventional bases, 
nucleosides ot nucleotides which naturally occur in a particular polynucleotide (e.g., DNA 

20 [dA, dG, dC, dT) or RNA [A, G. C, U]). UracU is a convcnuonal base in RNA (i.e., 
covalent attachment to ribosc in a ribopolynuclcotide) but an unconventional base in DNA 
(Lc, covalent attachment to deoxyribose in a dcoxyribopolynuclcoiidc). In a coupled 
RT/PCR reaction, it is desirable to sterilize the reaction pricM* to the RT step to eliminate 
canyover nucleic acid products of prior reverse transcription and/w amplification reactions. 

25 Sterilization after reverse transcription, and prior to PGR, results in degradation of non- 
contaminating cDNA products containing dUTP, as well as contaminoing product 
Synthesis of cDNA in the presence of dTTP and absence of dUTP is impractical. For 
efficient incorporation of dUTP into the subsequent PGR product, a vast excess of dUTP 
would be required to dilute the dTTP present as canyover from the reverse transcription 

30 step. Furthermore, this would require opening the tube in order to add the dUTP. 
Consequently, the effectiveness of UNG sterilization would be diminished. 

The present invention provides nKihods for sterilization of the RT/PGR reaction. 
Example 4 denwnstrates this aspect of the invention. When unconventional nucleosides are 
35 being incorporated into amplification products, routine titration experiments are useful to 
optimize reaction conditions, and European Patent Application EP-A-540,693, provides 
guidance for incorporating unconventional nucleotides. The parameters which are varied 
include, but arc not limited to the concentration of di\'alcni cation, pH range, concentration 
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temperature. 

, dNIPsIs increased, the comxntration of Mga2 and MnOz IS uHHT^ac^ 

I oNirsjincreastM. „ „ , ^ ^r.TP rtATP dUTP. and dCTP and 2 mM 

Example 4. the PCR contains 200 txM of each dGTP. dATP. dU i an 

Mga2, and provides efficient ampUfication. 

Forreverse«anscripdon«singa,he™ostablcpolyn««sc.Mn-isp^^^ 
3 diva.„tcadonandist^icanyi.lud«iasasal.f^e«^^^^^ 

manganese acetate (Mn(OAc)2). or manganese sulfate (MnSO,) If Mn^2 
^^containingl0mMTrisbufferJorexample.thcMna2.ge-a^^ 

• Ar^n n to 2 5 mM- conccntranons of 3.6 mM ana j.o 
is used at concentrations ranging from 1.2 to /.3 mm. ^ 

25 mM are utilized in the RT/PCR described in Example 10. 

Ueoptimalconcentxations of the unconventional nucleotide and divalent cation may 
vary inthc reverse transcription reactionjustasfor the ampUficationreacnon as noted 

a^rrependingonthetotaldNTPconcentntionandontheparticularp^^^^^ 
30 b^^ sl^-andpolymerasepresent. The examples describe the use of a b,c.e/ace«« 
bS"wtic;ano^rS-concentraaonofd^ 
Uiereby enhancing die incorpontion of dUMP into newly syndiesized cDNA. 

In one embodiment of the invention, described in Example 3. a two step, single 
35 additionpledureisprovidedforcoupledRT/PCRusingMna^asthedivalentca^ 

Tris-Harfferforboth.heRTandPCRsteps.Inthemeti,od.follow,ngrev^ 

1 ns nvj Duiici Consequently, a lower 

Option, no buffer adjusmient IS made priortoJ^ePCRs^p -^^^ 

concentration of MnClj is used, whether incorporaong dTIP or dlTTP fusing 
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dNTPs), to avoid a reduction in amplification efficiency that may occur when Mna2 
concentration is maintained at 1 .2 mM during PGR. 

Following amplification and analysis of the RT/PCR result, the RT/PCR product 
5 may be intiDduccd unintentionally as a contaminant in other reactions. Prior to subsequent 
RT, RT/PCR or amplification reactions, the reaction niixtures arc treated with a DNA 
glycosylasc specific for the unconventional nucleotide incoqxjiated during the prior 
RT/PCR. In this manner, any previous RT/PCR product, present as a contaminant in 
subsequent RT, RT/PCR or amplification reaction mix containing a taiget nucleic add, is 
10 hydrolyzed. 

Consequently, in practice, the sterilization treatment is carried out prior to the 
RT/PCR assay to eliminate caiiyover of dUMP containing product DNAs. For example, 
prior to the high temperanirc (60-70'Q incubation of the rcvcrec transcription reaction mix, 

15 0.01-0.05 units UNO per \il of RT reaction volunt)e is added and incubated for l-IO minutes 
at room temperature. Alternatively, the incubation is carried out foe 2 minutes at 50'C The 
subsequent high temperanire (60-70*0 RT and 95X denaniration steps serve to inactivate 
UNG so that newly synthesized cDNA and PCR products arc not degraded. UNO is 
commercially available from Perkin Ehner. Nonvalk, CT. EP-A-540,693, describes 

20 methods for producing UNG by recombinant means and also thcnnolabilc UNG derivatives 
which do not regain activity after heating above the denaturation temperature of the DNA 
sample. Such derivatives may be prcfened for practicing the present invention. 

The target of amplification can be an RNA/DNA hybrid molecule. The target can be 
25 a single-stranded or double-stranded nucleic acid. Although the PCR proccdurc described 
above assumed a double-stranded target, this is not a necessity. After the fiist amplification 
cycle of a single-stranded DNA target, the reaction mixnirc contains a double-stranded DNA 
molecule consisting of the single-stranded target and a newly synthesized complementaiy 
strand Similarly, following the first amplification cycle of an RN/V/cDNA target, the 
30 reaction mixture contains a double-stranded cDNA molecule. At this point, successive 
cycles of amplification proceed as described above. In the present methods, the taiget 
amplification is a single-stranded RNA, and tl^ first amplification cycle is the reverse 
transcription step. Alternatively, if the starting template is double-stranded RNA, an initial 
high temperanirc denamring step may be used to prcparc single-stranded RNA template. 

35 

As used herein the term "cDNA" refers to a complementary DNA molecule 
s>'nihesizcd using a ribonucleic acid strand (RNA) as a template. The RNA may be mRNA, 
tRNA, rRNA, or another form of RNA, such as viral RNA. The cDNA may be single- 



10 
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as in an RNA/cDNA hybrid. 

TT«n«*odsofU,cpn«cnt invention pn,vidcn«ms far obtain^ 

synU«sisc»becoupled»an.pbfi«no^^^^^ 

^blc^lyn^nscsarcavailablcftomanu^bcrofsou^m^ 
bcanadvcor^cc^nbinantpro^in. A P-fen«l *ennostable cnz^^^s 

,„eonx>n«cdhcreinbyrcf««,cc). ^'^^'^t'lZ J^^-^^09l,^^ 
recombinant host ceUs. which host ccUs may be pn:pai«i as dcscn 

using the primers 

SEO ID No 1 y-GGCATATCK3CTAGACTATrrCITnTG-y 

sSmNo 5-AGGTim3ATGAAGTCTGTAGGTCATGTCrc^ 

ZZ:.3 S^CTACAGACnrCATCGGAACCn^CrrAAGCG-S 

SEQIDN0.4 5--CCAACCCGCCrCGGCCACGAAGG-3. 

-n.enxombinantT.hpolymerascisdesignatcdrTthDNApolymerase.Also 

p..crrer;:r'^tic...e.ventionisTa.DNA^^^^ 
.^nv^nallv available as a recombinant product or punfied as nanvc 1*4 

^nmtnennallvavaUablcfromPcrkmBincr.Noryvauc.^^1. . ^ tm^a 

L^cription and amplification of nucleic acids can be found m WO 91/09944. 

Primers can be designed with convenient restriction enzyme recognition sequences 

as the 3' end of the primer is hydrogen-bonded to the target seq 



20 A 
B 
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snanded cDNA molecule would contain a specific restriction enzyme itcognition sequence. 
Following amplification, using the cDNA as a template, the lestriction site could be used to 
facilitate other pnxedures, for exan^le, cloning. 

5 FbUowingreversetranscriptionofRNAbyathermoactiveortherajostableDNA 

polymerase, the RN A can be removed from the RNA/cDNA hybrid by heat denamtarion or 
by anumberof other known means such asalkali. heat, orenzyme treatment. Enzyme 
n«unient may consist of. for example, treating the RNA/cDNA hybrid with RNase H. 
RNase H is specific for RNA strands within an RNA/DNA double-stranded molecule. Tth 
10 andTaq associated RNase H and S-*y nuclease activities can facilitate hydrolysis of the 
RNA template and synthesis of the second DNA strand, as wcU as primer extension for 
amplification of the cDNA sequence. Alternatively, exogenous RNase H is added from a 
commercially available source. 

15 The RNase H activity of thermostable polymerases provides raeans for 

distinguishing between RNA and DNA templates in a sample. This is paniculariy useful for 
detecting RNA in the presence of homologous duplex DNA. Where the DNA is ftee of 
introns in. for example, pioviial HIV DNA. amplified RNA. and DNA may not be 
distinguishable by size. However. foUowing reverse transcription, thermostable RNase H 

20 activityeliminatestheneccssityfordenamratingtheRNA/cDNAduplex. ConsequenUy. in 
the presence of genomic or proviral DNA. only the RNA template is amplified in the first 
PCR cycle. 

In a prefened method for distinguishing between homologous RNA and DNA 
templates, amplification primers are used to direct the synthesis of the PCR produa with a 
25 low strand separation temperature. For example, for detecting HIV RNA. primer pairs: 

Primer SFOTDNo. SfiUISnCE 
SK462 5 y-AGTTGGAGGACATCAAGCAGCCATGCAAAT-y 
SK43I 6 5--TCCTATGTCAGrrCCCCrrGGTrCTCT-3' 
SK38 7 y-ATAATCCACCTATCCCAGTAGGAGAAAT-y 

30 SK39 8 y-TTnXnXXTTGTCITATGTCCAGAATGC-y 
generate a PCR product that is denatured weU below 94*0 Typical denaturation 
tcmpaatures for PCR arc 94-96*0 At the lowered temperature the double-stranded DNA 
(Le.. the expected "contaminant") is not denatured and would not be amplified. Methods for 
affecting the denaniration tempaature of PCR products are described in detail in European 

35 Patent Application EP-A-519338. and incorporated ncrein by reference. 

Alternatively, unconventional nucleotides are useful for effecting the denaturation 
temperature of the PCR pnxluct. For example, hydroxymcthyl dUTP (HnulUTP) nanirally 
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occuis in SPOl phage DNA as 5* hydroxymcthyluiacU (HmUra) in place of thymine (Kallcn 
ei aL. 1962, J. Mol. BioL 5:248-250. and Levy and TccbOT. 1991. Nuc. Acids Res. 
12(12):3337. which arc both incorpaatcd herein by reference). The HmUra containing 
gcnoraemcltsat lOTlessthanDNA of corresponding thyminecontcnL Incorporation of 

5 HmdUMP into cDN A effectively lowers the denaturadon temperature of both the reverse 
transcribed produa and the PGR duplex DNA product, in comparison to the denaturation 
tcixqxaaturc of the homologous thymine containing DNA. Other nwdificd nudeoadc 
triphosphates capable of effecting the Tm of the DNA product (eg., c^dGTP. 7 deaza- 
rdcoxyguanosinc 5-triphosphaie or a-phosphorothioate dNTPs) are also suitable for 

10 distinguishing between honwlogous RNA and DNA templates. 

Following removal or melting of the RNA template strand, the remaining cDNA 
strand can then serve as a template for polymerization of a self-complementary strand, 
providing a double-stranded cDNA molecule suitable for additional amplification, detection 

1 5 or other manipulation. The second strand synthesis also requires a primer. A sequence 
specific primer can be introduced into the reaction mix to prime second strand synthesis. 
Alternatively, a duplex adapter-linker may be ligatcd to the cD^ a cr the cDN^ may be tailed 
with a terminal transfcrase-type activity. Hie second strand primer needs only to hybiidize 
to the tail rather than the specific cDNA sequence (sec for example, Frohman in Innis et aL, 

20 supra). In tiie practice of the disclosed methods, it may be desirable to use a first set of 
primers to synthesize a specific cDNA molecule and a second nested set of primers to 
amplify a desired cDN A segment AU of these reactions may be catalyzed by the same 
thermostable DNA polymerase. 

25 Fat reverse transcription, according to the present invention, the primer-template 

ntixmrc is incubated with a ihcrmoactivc or thermostable polymerase under suitable 
polymerization conditions. These conditions are provided by a reaction mixture containing 
all four deoxyribonucleotide trnhosphates (dNTPs) and a buffer contaiiung a buffering 
agent, a divalent cation, and a monovalent cation. 

30 

DNA polymerases require a divalent cation foe catalytic activity. Tabor and 
Richardson. 1989. Proc. Natl. Acad. Sci. USA Sfi:4076-4080. incorporated herein by 
reference, have reported that Mn2+ can be substiwicd for Mg2+ in DNA sequencing 
methods. These methods require a DNA template and T7 DNA polymerase or DNA 
35 polymerase I. 

Either Mn^*. Mg2+, or 0)2+ can activate Taq, Tih, and Tma DNA polymerases; 
however, Mn2+ is preferred in the present methods. In the disclosed embodiments of the 



2127188 



-19- 

invcntion, buffers arc provided which contain Mn^* for nucleic add reverse transoipnon 
from an RNA template. These buffers arc improved over previous reverse transcription 
buffers and result in increased cDNA yields. In particular, practice of the present methods 
uang Tth DNA polymerase and Mna2 or Mn(0Ac)2 for amplifying RNA imparts an 
5 increase in sensitivity of at least lO^-fold compared to Mga2 and standard PGR conditions. 
While capable of activating RNA ten^late-directed DNA synthesis, mixed divalent cation 
buffers (eg., Mn2+ and Mg2+), are not preferred due to reduced sensitivity and efficiency. 

The divalent cation is supplied in the form of a salt such Mga2. Mg(0Ac)2, MgS04, 
10 Mna2, Mn(0Ac)2, or MnS04. Usable cation concentrations in a Tris-HQ buffer arc fOT 
Mna2 from 0.5 to 7 mM, preferably, between 0.5 and 2 mM, and for Mga2 from 0.5 to 
10 mM, Usable cation concentrations in a Bicine/KOAc buffer arc from 1 to 20 mM for 
Mn{0Ac)2, preferably between 2 and 5 mM. 

1 5 Preferably, the monovalent cation is supplied by the potassium, sodium, ammonium, 

or lithium salts of either chloride or acetate. For KCl, the concentration is between 1 and 
200 mM, preferably the concentration is between 40 and 100 mM, although the optimum 
concentration may vary depending on the polymerase used in the reaction. Optimal reverse 
transcriptase activity is observed between 50 and 75 mf-l KQ when Tth DNA polymerase is 

20 used. However, enhanced RT/PCR is observed when the Kd concentration is increased up 
to 100 mM. For a Taq DNA polymerase such as AmpliTaq® DNA polymerase, 50 mM 
KQ is preferred. For KOAc, optimal reverse transcriptase activity is observed at 
concentrations between 85 mM and 1 15 mM when Tth DNA polymerase is used. 

25 Dcoxyribonuclcotide triphosphates arc added as solutions of tiic salts of dATP, 

dCTP, dGTP, dUTP, and dTTP, such as disodium or lithium salts. In the present methods, 
a final concentration in the range of 1 nM to 2 mM each is suitable, and 100-600 jiM is 
preferable, although the optimal concentration of the nucleotides may vary in the reverse 
transcription reaction depending on the total dNTP and divalent metal ion concentration, and 

30 on the buffer, salts, particular primers, and template. For longer products, Le., greater than 
1500 bp, 500 ^M each dNTP and 2 mM Mna2 may be preferred when using a Tris-HQ 

buffer. 

A suitable buffering agent is a zwitterionic compound providing hydrogen ion 
35 buffering and preferably buffers both the pH and the manganese ion concentration as 
specified in the first paragraph on page 1 A specially preferred buffering agent is Bicine- 
KOH, preferably pH 8.3, although pH may be in the range 7.8-8.7. Bicine acts both as a 
pH buffer and as a metal buffer. 
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AddirionaUy. EDTA less than 0^ mM may be present in the rcveree tmnscnpuon 
reacdonnux. Detergents such as Twecn-20™ and Noni<lc,™P-40a« present in Ae enzyme 
dilution buffer. A final concentradon of non-ionic detergent appioximately 0. 1 % or less « 
5 appiopriate.hovvever.0.01-0.05%isprefentdandwiUnotin.erferewi,hpolymor^ 
activity. Similarly.glyce^jlisoften present inenzymepnrparadons and is gene«U^ 
toacoocentiationof 1-minthereactionmix. A mineral oU overlay may be added to 
preve«tevap«ationbutisnotnecessaiywhenusingaTC9600.hem«lcycler(Pe^ 

Elmer. Nor^alk. CD or when using AmpUwax™ PCR Gem 100 (P«1dn ^'^^ 
10 Cn as described in PCT Patent Publicadon No. WO 91/12342 and Chou et al.. 1992, Nuc. 
Acids. Res. 22:1717-1723, which are incoqwratcd herein by reference. 

In one embodiment of the invention, a itKthod for homogeneous RT/PCR is 
provided. TOs two-step, single addition procedure eliminates the need to open the tube afta 

15 tf^eadditionofinitialreagents. n,us. the opportunity for contamination between the RT and 
PCR steps is removed. However, the opportunity to change reaction reagents between steps 
is also eliminated and the two reactions need to be perfom«i unda the same reaction reagent 
conditions, which may not be optimal for both the RT and PCR steps. Adjusm«nt of 
reaction conditions may be required to accommodate the separate requirements of the two 

20 rextionstcps. For example, due to the high enzyme concentration required for optunumRT 
activity, a short extension cycle is prefentd. Le.. 10-30 seconds, during each PCR thermal 
Cycler when amplifying shon targets, although the extension cycle time may depend on the 
.hennal cycler used. For example 1 minute is preferred when using a TC480 thermal cycler 
marketed by Peridn Elmer. Norwalk. CT. 

25 

Similariy. because there is no buffer adjustment between the RT and PCR steps m a 
homogeneous RT/PCR assay, a manganese concentration intermediate to the separate RT 
and PCR optima is required such that each step functions. As shown in Example 7. the 
optimal concentration is lower for the DNA target. PCR reaction than it is for the RNA 
30 target, RT reaction. The manganese concenti^ion providing optimal synthesis on DNA 
templates was found to be approximately 0.6 mM (with 800 nM total dKIP, Tris buffer), 
the enzyme obtained maximal reverse uanscriptase activity on the RNA template at 
approximately 1.4 mM manganese (with 800 jiM total dNTP. Tris buffer). For the 
homogeneous reaction described in Example 3. the MnQi concentration is preferably equal 
35 ,0 or less than 1.0 mM and. most preferably. 0.8 mM. While the preferred concentrations 
represent conditions which allow Tih DNA polymerase to perform RT/PCR. these 
conditions are suboptimal for both reverse transcription and DNA amplification. 
Furthermore, although the efficiency of the RT step in the presence of dUTP. as m the 
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sterilization methods of the present invention, is improved at higher Mna2 concentration, 
the PGR step is less cfficienL Consequcndy. 0.8 mM MnCli most preferably is used and 
the produa is deteaed by means more sensitive than ethidium stained gels; Le.. probe 
hybridization or incoporation of labeled, or other detectable nucleotides. 

5 

One method of solving the problem of different ap6mai reaction conditions for the 
two steps involves the use of a lujjt melting tempcranirc wax C72-Q in the reaction tube to 
separate reagents as described in PCT Patent PubUcarion No. WO 91/1234i Tht high 
melting temperature wax essentially enables the two individual reactions to occur ai Acir 

1 0 own optimal conditions by separating a solution of EGTA and Mga2 from the RT reactton 
with a wax layer. TTie RT step is carried out at a tempcramre below the melting point of the 
wax. hence, the wax layer remains intaa and the RT step is carried out using manganese at 
an optimal concentration. Upon completion of the RT step, the wax is melted during the 
fusi high temperature denaturation step of the PGR. tiius releaang tiie EGTA to 

15 preferentially chelate the manganese and allow for a magnesium based DNA amplification. 

A modification of this technique employs microencapsulating the EGTA and magncaum into 
a bead made of the same high melting temperature wax. 

In accordance with the present invention a metal buffer whose buffering agent acts as 
20 a chelating agent is used. Such a buffer binds manganese and thus allows a higher Mn^* 
concentration to be used. The metal buffer may maintain the available Mn2* concentration at 
a constant level over a wide range of added Mn2+ Metal buffering agents which can be 
useful in the methods of the present invention include N,N-bis(2-hydroxyethyl)glycinc 
(bicine). Nltris(hydroxymcthyl)methyl]glycine (tricine). acetate, glutamatc. aspartate. N- 

25 hydroxycthyUminodiacetic acid (HIMD A), citrate, and isocin^tc. A combination of 

buffering agents which provides simUar metal binding and pH buffering capabUitics as one 
of the exemplified buffers may also be suitable. TTic term "buffering agent." as used herein, 
is meant to encompass such combinations of buffering agents. In sonae cases, similar 
buffering effects may be adtieved by altering the concentration of the buffering agent Fot 

30 example. Exan^le 13 describes tiie use of an elevated Tris concentration to achieve a 
broadening of the manganese range. 

The metal buffering agent, which acts as a chelating agent, forms complexes with the 
metal cation in a reversible reaction. The stability of the chelator-mctal complex, which 
35 represents the affmity of the chelator for the metal cation, is expressed as a "metal-buffer 
binding constant" or "stability constant". Km- Because of the wide range of stabUity 
constants, it is more common to refer to the logaritiim (base 10. written herein as Log) of the 
Km of a metal buffer. The stabUity constant. Km. is described in Good et al.. 1966. 
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Biochcaus«yi:467-477.a™lPcrnna„dDcn^scy.l974.Chap«r 
Mc«aionCoaaorChap™u.a„dHalLNcwYor.c.NY.whicha«^^ 

invention have a Log Km OO'C 0.1 M ionic s«ng*) between 1 and ^J^^^^ 
106).Prefenbly*cLogKMisbe«.ee„2and4.andnK.stp«fcn*lyb«^^^ 

Acoa^ilationofsubUi.yco„smtsforavarie.yofchelatingag«jub 

and Smi*. 1974. "Critical Subility 0,nstan«". Plenum Press. New Yc*^NY^°> » . 
ManeUandSnnth, 1977. "Critical SubiHty Constants". Vol 3. Plenum Pre«. New Yori. 

pages 160-162: and Sfllen and Madcll, 1964. "StabiUty Constants of Metal-Ions 
) Complexes". Spec. Publ. aem. Soc nl7. page 458. Ixndon. which axe mcon>on«cd 

herein by reference, 

Prefened metal buffers are also capable of serving as hydmgen ion buffers in the pH 
nu^gertquirtd in the methods of thepresent invention. Good etal..s«pn.de^ 

5 of ^ffm that serve both as metal cation and hydrogen ion buffers. Tlte acul d««)aauon 
' „^lToUbX.K,.isdescribedinGoodetaL.1966.sup^ 

1974.supnu It is preferred Utat the bufferhaveapK, defined as -U>gK,between7and9 

at 20-C and 0.1 M ionic sttcngtit. preferably between 7.5 and 8.5. 

10 Preferred buffering .gcnrs for use in the methods of the present invention include 

N N-bis(2-hydmxycthyl)glycine (bicine) and Nltris(hydroxymethyl)methyl]glyc>ne 
(oicine) BothofthesearezwiuerionicahphaticaminesimorespecificaUy.subsntuu^l 
glycines with carboxyl groups p^viding the Mn^^ binding ability. A comparison of 
pipertiesof bicine. mcine. andTrisO>ydroxymethyl)aminomethane (Trts) are shovm below 

25 and found in Good et al.. 1966. supra, which additionally pmvides the structures. All 
values ate at 20*C and 0.1 M ionic strength. 



30 



puffer 






Tris 


8.3 


^.031 


Bicine 


8.35 


-0.018 


Tricinc 


8.15 


-0.021 



negligible 

3.1 

2.7 



nie changes in the acid binding consumt with temperature (delta-pKa) for bicine and 
mcine are significantiy lower ti«m for Tris-HQ. Tricine and Bicine also reduce the large 
35 temperature dependence ofpH found with Tris. 

Tricine and bicine buffers also broaden the usable Mn^* concentration range in DNA 
polymerase incorporation assays. As the concentration of tricine or bicine is tncreased. the 
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dccrcasc in DNA polymerase activity at increasing Mn^+ concentration is less pronounced 
and the Mn^* concentration optiniuni is shifted to a higher ccMicentration. As shown in 
Example 7. using Tih DNA polymerase in a 50 mM bicinc-KOH buffer (pH 8.3), 
manganese concentrations of 0.4 mM to 2.6 mM gave good incorporation on a DNA 
5 template. Using an RNA template, approximately 40% of njaximum activity was observed 
with a Mn^+ concentration as low as 1 mM. Activity was observed to increase as the 
manganese concentration was increased from 1 .0 to 6 mM and reached a plateau for 
concentrations between approximately 6 and 12^ mM. A gradual decrease of activity was 
observed at higher Mn^* concentrations; 48% of maximum activity was observed at 20 mM. 

10 

In the combined RT/PCR, a low free manganese ion concentration is needed for the 
DNA amplification step, but a high free manganese ion concentration is needed for the 
reverse transcription step. This dual effea of the tricine and bicinc buffers of the present 
invention, that of extending the total allowed manganese concentration in a DNA 
1 5 amplification by complexing most of the free manganese ion, yet providing sufficient free 
manganese for the RT reaction, provides significant improvements to the RT/PCR. This is a 
very surprising result because expansion of the dual ranges would r*ot have been predicted 
given the general theory and literature behind metal buffers. 

20 Since reaction components such as dNTPs, primers, nucleic acids, proteins, EDTA, 

and many materials carried over from sample preparation procedures have the ability lo 
chelate manganese, the control of a precise concentration of manganese is very difficult 
Although these components can be conirollcU by the individual researcher (with great care), 
severe constraints arc placed on manufacturing these reagents for diagnostic and research 

25 applications on a large scale. The use of the metal buffers tricine and bicinc not only shifts 
the optimal Mn2+ concentration upwards, but also broadens the usable range of Mn^* 
concentration and dNTP concentration. The ability to use a higher manganese conccnuaiion 
and a broader range of concentrations eases the problems of reagent manufacture and of 
precisely controlling the manganese concentration in a reaction. 

30 

Although the meud binding constant (Log K^) of Tris is thought to be negligible 
(Good ct al., 1966, supra), increasing the concentration of Tris-HQ in an RT/PCR from 10 
mM to 100 mM can expand the Mn^**" concentration range on RNA targets. Although Tris 
buffer was thought to bind Mtfl* (as well as most other metals) negligibly, Morrison, 1979, 
35 Methods Enzynxjl. 24b:53-68, indicates that "the dissociation constant for the Mn-Tris 
complex is high at 250 mM, but in a solution of 100 mM Tris and 2 mM Mn^^ alnrK>st 29% 
of the metal ion would be chelated." Example 13 describes the use of 100 mM Tris in an 
RT/PCR which provided a significant broadening of the manganese concentration range 
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wheiein amplified product was ottserv ^ ^^^^ 

would i»t have been predicted given the gciwal theory ana UKT^ 

and Tris, in particular. 

o- • ^.Tirin^lMiffersprcfcrablycontaincithcrKaorKOAcastheinonovalem 

canon m bidneflCOAc buffer has a sUghUy lower iomc strength duintl^bian^O 

rrw^hcouldhdpdesu^Ui^sccondarystrucnrresina.^^^ 

rT^.e«Hof JKOAcadded.o.hereacrionisnot.oocri.icalbecausc.heb.ane. 
content TUc pH of the KOAc aac ^^^^ adequately. 

.H^actsboth.a^^^-d^^H^^^ 

P^uct was observed KOM betw p ^.^^^ „ 7.5). and 

7.5. The final pH of a solunon of 50 mM bicine {pn o.j;. 
2.5 mM Mn(OAc)2 is 7.97. 

. H •„ ,n RT/PCR using a freshly made buffer. Hie bicine mamtams solub.bty of metal 

formed in an RT/PCK using a ire:, j , w^™./KOAc/Mn(OAc)7 buffer for 

ions; an additional advanuge of using the prefcr«d b.cuWKOAcmn(UA >2 

is that Mn(OAc), will have fewer solubUity problems as compa«d to MnCl, 
, ^..p:ecipitationofmanganesehydroxidesando.ides.whicharede.r.n^^^ 

RT/PCR, can be prevented. 

d^^TbilHlsM.2^*eteM.><<««"«»i<»»<l^!''^"f'^ . .„ 
rr i».k.^mp Tl«bidn=«0Ael»(fa»01onlyiJlo«smciascdl«aldmT 



2127188 



25- 



A fiinher advantage of ihe prcfored bidnc and trichinae buffen of the present 
invention is that they increase the efficiency of the sterilizaiioo methods. Both divalent rrKtal 
cations and high ionic strength aie known to inhibit UNO (Undahl « al.. 1977. J. BioL 
acm. 2a(10):3286-3294. Kiokan and Witter. 1981. Nucl. Acids Res. 2(1 1):2599-2613. 
5 and Caradonna and Cheng. 1980. 1. Biol. aem. 255(6):2293-2300. which arc 

incoiporated herein by reference). The preferred buffets reduce both the free metal cation 
level and the total ionic sticngdj. thereby minimizing the inhibitory effect of the buffer on 
UNG and improving the efficiency of ftc sterilizaaon of the reaction mixture. 

10 Metal ioncatalyzcdhydroIysisoftheRNAtemplatedeaeasesihcefficicncy of the 

RT reacdon and limits the length of template that can be reverse transcribed. TTie problem of 
template hydrolysis is aggravated by the high temperature of the RT step in the present 
methods. Methods and leaction conditions using MnOi in a Tris buffer which minimize the 
hydrolysis of RNA templates are provided in the Examples and discussed in Myers and 

15 Gelfand. 1991. Biochemistry 20:7661-7666. which is incorporated herein by reference, 
nie prefened bicine/KOAc buffers complex the manganese such that less metal catalyzed 
RNA hydrolysis occurs at elevated temperatures. Furthermore. Uttle if any additional loss of 
full-length labeled RNA occurs by including a 15 second. 95-C preincubation of the RNA 
when using these buffers. Tlie preferred buffers aUow increasing the reverse transcription 

20 reaction time to increase efficiency in the RT step and including a Wgh temperature 

preincubation to denamte the RNA to reUeve high degrees of secondary structure prior to 
reverse transcription or. in the case that double-stiandcd RNA template is to be ampUfied. to 
denanne the template to provide a single-stranded template for the reverse transcriprion. 
Furthermore, decreasing RNA hydrolysis facilitates the synthesis of long (>2 kb) cDNA 

25 using Till DNA polymerase by decreasing the chance that the RNA templaie is degraded 
before reverse transcription is completed. 

The piesent methods require only that RNA is present in the sample. In an example, 
a synthetic RNA prepared using a plasmid containing a bacteriophage T7 promoter is reverse 

30 transcribed and amplified by the methods of the present invention. In another example, a 
heterogeneous population of total cellular RNA is used to reverse transcribe and amplify a 
specific mRNA. For practicing the invention the amoum of RNA present in the sample is 
generally within the range of 0.1 pg to 1 Jig. The amount required and the results will vary 
depending on the complexity of the sample RNA and the type of detection utilized. Because 

35 of the specificity of the high temperature reverse transcription reaction. 1 to 108 molecules of 
the target RNA are sufficient to provide up to or exceeding microgram quantities of PGR 
product In several of die disclosed examples, ampiificaUon products are visualized by 
ethidium bromide staining after gel electrophoresis of 5% of the total reaction mix. TTius. 
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ihc amount of amplified target required is substantiaUy reduced when alternative means f >r 
assay of the product art utiUzcd. For example, isotopically labeled DN A probes suitable for 
detecting the clccirophorescd PGR products would increase the sensitivity of detection and 
ihcrcfOTs decrease the amount of amplification or number of cycles required to dctca the 
5 amplified product (e.g., 1-108 molecules of target RNA in the sample). 

Preferably: the amount of RNA present in a 20 ^ll 10 mM Tris-HQ reverse 
transcription reaction is 10 pg to 500 ng and most preferably 0.1 to 300 ng. When the 
sample contains more than 300 ng of RNA, it may be desirable to include additional cnzyrr^ 

10 to ensure transcription of a full length cDNA produa from the RNA template. However, if 
the reverse transcription reaction is coupled to PGR, the effect of high enzyme concentration 
in the PGR reaction should be considered. Fot example when Taq DNA polymerase is used 
as the thermoactive polymerase, high enzyme concentrations can result in non-specific PGR 
products and reduced yields (sec Saiki in '^PGR Technology" Ed. Erlich, 1989, Stockton 

15 Press, incorporated herein by reference). The potential problems resulting from a high 
enzyme concentration, however, are easily avoided by inactivating the ihenmoactive DNA 
polymerase between the reverse transcription reaction and the amplification reaction. 
Inactivation is achieved by incubating the cDNA synthesis rcactia. mix at 99*C for 3 to 10 
minutes. An appropriate amount of thermostable DNA polymerase is then added back to the 

20 reaction mix, and PGR is conducted as usual. This method is also suitable when different 
thermostable DNA polymerases arc used for each of the two reactions (sec Example VTI in 
W091/r>9944). 

An advantage of the bicine buffers described herein is that higher amounts of RNA 
25 may be present in the reverse cranscripuon reaction. For example, the preferred amount of 
RNA using a bicine buffer and dTlT is up to 1 ^g for a 50 reaction. In the preferred 
range, 1 to 10 units of thermoactive DNA polymerase is sufficient for providing a full length 
cDNA piDducL To achieve predominantly fuU length cDNA, the enzynK to template ratio is 
preferably greater than 0.5. 

30 

An advantage of the RT/PGR methods using Tth or Taq DNA polymerase is that 
lower molar concentrations of the DNA polymerase are needed Tor efficient reverse 
transcription and amplification. For example, each unit of activity requires about 1 .0 pmole 
of E coli DNA pol>'merase I, whereas only about 0.043 pmole of Taq DNA polymerase is 
35 required, or about 20- to 25-fold less protein. Example 3 describes a honwgeneous 

RT/PGR which uses 5 units of rTth DNA polyirKrasc in a 20 ^ll reaction, corresponding to 
approximately a 15 nM DNA polymerase concentration. Using the preferred bicine and 
tricine buffers, the amount of DNA polymcr.'sc can be reduced funhcr. Examples 8, 10 and 



2127188 



-27- 

12 describe homogeneous RT/PCR using 10 units rTth DNA polymerase in 100 ^1 
reactions, ccwiesponding lo i^proxinfiaiely a 6 nM DNA polymerase concentration. 
Funhennm, the one enzyme RT/PCR described herein requires considerably less total 
protein in the reaction compared to multi-enzyme amplification systems such as 3SR (Kwoh 

5 et aL. supra., Guatelli ct al. supia.. and PCX Patent Publication No, WO 92A)880A). 
Whereas the exemplified 100 \il RT/PCR reactions contain 40 ng (10 units) of rTth DNA 
polymerase, a 100 3SR reaction would contain 1.44 jig of enzyme (0.6 \ig AMV-RT, 
0.83 ^g T7 RNA polymerase, and 0.01 ^g E. coli RNasc H) or about 36 times more 
protein. Both the decrease in total protein and the use of only one enzyme in the 

10 honx)geneous RT/PCR agnificanUy simplify problems of reagent manufacture and quality 
control. 

Once the sample containing RNA has been prepared and the suitable primer and salts 
have been added, the reaction is iricubaied with the thermoactivc DNA polymerase for 1-60 
15 minutes. Usually, however, a reaction time of 2 to 30 minutes is suiublc. If the target 
molecule is long, or if the ratio of total RNA to target RNA is high, e.g., 100 copies of 
target RNA in the presence of 250 ng of total RNA, an incubation time of 10-30 minutes is 
preferred. 

20 It is preferred, but not essential that the thcrmoactive DNA polymerase is added to 

the reverse transcription reaction mix after both the primer and the RNA !emplate are added. 
Alternatively, for example, the enzyme and primer are added last, or the MnQa, or template 
plus MnQ2 are added last It is generally desirable that at least one ccHnponent that is 
essential for polymerization activity not be present, until such time as the primer and template 

25 are both present and the enzyme can bind to and extend the desired primcrAemplate substrate 
(see European Patent Application EP-A-5 15,506, which is incorporated herein by 
reference). 

In practicing the present methods the reaction mix is incubated above 40*C, although 
30 a preferred temperature is 55-75*C At this temperature, the specificity of the prinxr- 

template annealing is enhanced over the annealing specificity at a lower ten^>erahire, and the 
thermoactive enzyme has higher activity at the elevated temperature. The elevated 
temperature reduces non-specifm priming by degraded native nucleic acid and by incorrect 
primer-template hybridization. 

35 

Following reverse transcription, the RNA template nuy be degraded or alternatively 
denatured, providing a template for continuous replication resulting in an excess of single- 
stranded DNA molecules. This excess of single-stranded DNA can be detected by standard 
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pn,bc hybridization ^chniqucs. Tl.us>c invention provides n^ans for du^^^ 
targe, segn^nts. TT« resulting nucleic acid produm can be detected by a n^^ 
Zooph^ticorchromatographicn^ans. m use of a radiolabeled tx.p.K«pha^jshdpfd 
in n«ni.oring .he extent of thereaction and the size of products forn^d. although 

; an essential component of the invention. 

•me reverse inscription reaction products are suitable as templates for amplification 
by PGR. I„oneembodimentof.heinvention.followingtiiehightemperaturer,^eise 
Iscription incubation, ti^reversetranscriptionreaction is adjusted to PCRb^^ 
, conditions.andtheamplificationrcactionisinitiatcdfonov^gtheadditionofa^ 
primer. PGR buffer is added to maintain the appropriate buffering capacity. pH, monovalent 
Ltion concentration, and to dilute the concentration of enzyme and dNm to witiun 20-200 

each dNTP. Mga2 is added to a final concentration of 1-3 mM. Preferably. Ae 
concentrations of dNTPs in boti. tite reverse transcriptase and PGR reaction mixes are 
5 balanced. Because Mn2* can diminish PGR ampUfication when Fcsent at high 
concentrations.inapreferredembodimentoftheinvention.heh^2Mscheb«dpn^ 
PCR amplification. The presence of high amounts of Mn^* also may decease fideUty 
during ampUfication. however chelating the Mn^* avoids this pn>blem. Accordingly, u. a 
preferred embodiment. foUowing tire reverse «rrscriprion reaction. EGTA rs added to a 
20 concentrationbetweenaboutl-Stimestiremolarconcentrationoff^^^^^^^^^^ 

In the presence of boti, Mg^^ and Mn^*. EGTA preferentially bmds Mn^*. U,w dNTT and 
Mg2> concentrations, as described herein, may also increase fideUty of Tti. DNAjpolj^e^e 
ding ampUfication. Glycerol and non-ionic detergent (for example. Tween- 20™) may be 
added .0 a final concentration of between 1-20% and 0.01-0.05%. respectively, to mcrease 
25 enzyme stability. 

In an alternative preferred embodiment, Mn^* is not chelated prior ,o PGR. PGR can 
utilize Mn2- in place of Mg2*. alti)ough Mg2- is preferred as described above. In jmtrcular. 
for applications such as, for example, large scalediagnostic screening. titeriskofinfideUty 

30 during amplification and potential low level hydrolysis of template are readily tolerated tn 
view of tire Bemendous advanuges a homogeneous RT/PGR metirod provides. Tlte two- 
step single addition procedure minimizes sample handling and reduces ti« potential for cross 
contamination. Because MnQi affects PCR efficiency, tire optimum concenirauon rs 
preferably titn-'ed by standard means for tire particular reaction components unhzed: 

35 primers, target concentration. dNTP concentration, buffer., salts etc. In a preferred 
embodiment of tire invention, a bicine/KOAc buffer containing MnCOAc)^ rs used which 
allows for a wider range of Mn^* and dNTP concentrations. 
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Thc methods provided herein have numerous applications, paniculariy in the fields 
of molecular Kology and medical diagnostics. The reverse transcriptase activity described 
provides a cDNA transcript from an RNA tenq)latc The njeihods for production and 
amplification of DNA segments &om an RNA molecule are suitable where the RNA 
5 molecule is a member of a population of total RNA or is present in a small amount in a 
biological sample. Detection of a specific RNA inolecule present in a sample is greatly 
facilitated by a themioacdve or thermostable DNA polymerase used in the nxthods described 
herein. The enormous increase in specificity obviates the need for "nested PGR" to detect 
rare targets. A specific RNA nooleculcOT a total population of RNA molecules can be 
1 0 amplified, quantitated, isolated, and, if desired, cloned and sequenced using a thcrmoactivc 
or thermostable enzyme as described herein. 

The methods and compositions of the present invention are a vast improvement over 
prior methods of reverse transcribing RNA into a DNA product When starting with an 
1 5 RNA template, these methods have enhanced specificity and provide templates fcM* PGR 
amplification that arc produced more efficiently than by previously available methods. The 
invention provides more specific and, therefore, more accurate means for detection and 
characterization of specific ribonucleic acid sequences, such as those associated with 
infectious diseases, genetic disorders, or cellular disorders. 

20 

Those skilled in the art will recognize that the compositions of the instant invention 
can be incorporated into kits. Thus, the invention relates also to kits comprising a buffer 
with a suitable buffering agent which is a zwiitcrionic compound providing hydrogen 
bui; jring and preferably buffer also the divalent cation concenuation and a thermoactive 

25 DNA polymerase as well as preferably instructions describing the method for using the same 
for reverse transcribing RNA. In one embodiment such a kit may relate to the detection of at 
least one specific target RNA sequence in a sample. Such a kit would comprise, in addition 
to the elements listed above, a primer comprising a sequence sufficiendy complimentary to a 
specific target RNA sequence to hybridize therewith. Diagnostic kits for the amplification 

30 and detection of at least one specific RNA sequence in a sample may comprise a primer 

having a sequence sufficiendy identical with the RNA target to hybridize with the first strand 
of cDNA synthesized to prime synthesis of a second cDNA strand. Kits may contain, in 
addition to the components listed, the four deoxyribonucleotide triphosphates, suitable 
buffers as described herein, oligo(dT), RNase H, linkers for cloning, as well as one or more 

35 restriction enzymes. 

The following examples are offered by way of illustration only and should not be 
construed as intending to limit the invention disclosed in the present patent application in any 
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manncr. Further details on ihe materials and methods used in these examples may be found 
in WO 91/09944. In particular WO 91/09944 provides detailed information on the synthetic 
template pAWl06 and the primers DM156 (SEQ ID No. 9). DM151 (SEQ ID No. 10), 
DM152 (SEQ ID No. ll)andTM01 (SEQ ID No. 12). whereby the sequence of these 
primers is as follows: 

DM156 SEQ ID No. 9 5*-TGGAGAACACCACTTCTrcCTCCA-3* 

DM151 SEQ ID No. 10 y-CTCTCTX3AATCAGAAATCCITCTATC-y 

DM152 SEQ ID No. 11 5'<^TGTCAAATrrcACTGCrrcATCC-3' 

TMOl SEQ ID No. 12 y^KnTGCAAGCrTTATTTAGlTATGACrGATAACACTC^ 

Example 1 

rnmparisnn of Tag Polv p v>n.<:^ and Tth Polymerase in a CotfPW RT/PCP R^gtigq 

-nic use of the cRNA standard described in Example Vn of WO 9 1/09944 facilitates 
direct analysis of the effea of experimental conditions on RT/PCR efficiency, because the 
number of target molecules present in the reaction mix is known. Specifically, the efficiency 
of Tth and Taq DNA polymerases in a coupled RT/PCR reaction were compared. 



20 



RT reactions (20 ^il) contained 10 mM Tris-HQ. pH 8.3; 90 mM KQ (40 mM for 
reactions containing Taq); 1.0 mM MnQi; 200 ^iM each of dATP, dCTP. dGTP, and 
dTTP; 15 pmol of DM152 (SEQ ID No. 1 1) and 5 units of rTth or Taq DNA polymerase, 
and 106. 105. or 104 copies of pAW109 cRNA. The six reactions were overlaid with 75 ^il 
25 mineral oil and incubated for 15 minutes 70*C. 

Following the RT reaction, 80 ^il of a solution containing 10 mM Tris-HQ 
(pH 8.3), 100 mM KCI (50 mM for reactions containing Taq), 1.88 mM Mga2 0.75 mM 
EGTA, 5% glycerol (v/v), and 15 pmol of primer DM151 was added. The samples (100 ^1) 
30 were then amplified in a Perkin Elmer. Norwalk, CT, Themial Cycler as follows: 2 irxnuies 
at 95'C for 1 cycle; 1 minute at 95'C and 1 minute at 60*C for 35 cycles; and 7 minutes at 
60*C for 1 cycle. Aliquots (5 nl) of ihc PGR amplifications were analyzed by 
electrophoresis on 2% (w/v) NuSieve® 1% (w/v) Seakcm® agarose stained with eihidium 
bromide. 



35 



Results 

The rTth DNA polymerase generated a 308 bp product visuaUzed by ethidium 
bromide stained gel electrophoresis starting with 10* copies of target cRNA. Product was 
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ncHobsavedforthcTaq polymerase at KHor 105 copies of target, although lower liniits of 
detection would be expected if hyhtidizatiot> techniques were used rather than ethidium 
bromide staining. TlKse results demonstrated that under similar reaction conditions the Tth 
DNA polymerase provides approximately lOO-foU greater sensitivity than the analogous Taq 
5 DNA polymerase in a coupled reverse transcription PCR amplification. 

Example 2 

Pirfmed Non-^f ffpngMieous P rr™ Transcrintion/PCR Prpt<?TOl 

10 A. Reverse T rii"fit"P""" Reaction 

In a 0.5 ml polypiopylcnc microcentrifuge tube combine 9.4 sterile distJled water. 

2 til 1 OX rTth RT buffer. 2 MnCl2 (10 mM); 0.4 \il of each of dGTP. dATP. dTIP. and 
dCTP (each at 10 mM); 2 jil iTth DNA polymerase 2ii UAO; 1 ^1 of primer DM152 (SEQ 
ID No. 1 1) (15 jiM) (or an alternative -downstxeam" primer); and 2 jtl positive control RNA 
1 5 or experimental sample containing S 250 ng total RNA. 

In this embodiment, the positive control RNA serves as template for DM 1 52 (SEQ 
ID No. 1 1). nic control RNA concentration is preferably -lO* copies/20 iil. For example, 
the control RNA may be RNA transcribed from pAW109 in 30 >ig/ml E. coli rRNA in 10 
20 mM Tris-HCl. pH 8.0. 1 mM EDTA and 10 mM NaQ. 

The total reveise transcription reaction volume should be 20 til per sample. 

To reduce evaporation or rcfluxing. overiay the mix with 50- 100 nl nrincral oil. 
25 Incubate the tubes ir a Peridn-Elmer. Norwalk. CT. thermal cycler using a soak file 

at 70-C for 5-15 minutes. Stop the reaction by placing the tubes on ice until needed. 

R PCR Reaction 

R)reach sample prcparcaminimumofSOjilofPCRmastcrmix as follows: 8 ^1 
30 lOX chelating buffer. 6-10 jil 25 mM MgClj. 1 lH primer DM151 (SEQ ID No. 10) (15 
iiM) or experimental "upstxeam" primw and sterile distilled water. Any combination of 
water, MgQi and "upstream" primer volumes can be used as long as the total volume of the 
master mix equals 80 nl per sample. 

35 The optimal Mga2 concentration may vary, depending on the total dNTP 

concentration, and the primer and template used. In most cases a final concentration of 
Mga2 in the range of 1.5-2.5 mM in the reaction mix wUI provide excellent rcsuhs. If the 
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icmplatc used is the positive control pAW109 RNA. 6 jU of 25 mM MgQl stock solution is 
prcfentd for final 1.5 mM Mga2 concentration. 

Dispense 80 jU of the PCR master mix into each reverse transcription reaction tube. 
5 Change pipet tips between additions to avoid sample carryover. Centrifuge the tubes for -30 
seconds in a microcentrifuge. 

For ampUfication of the pAW109 RNA positive control, the thermal cycla (Pcildn 
Elmer. Norwalk. CT) is programmed for four linked files as follows: 
1 0 Step Cycle: 2 minutes at 95*C for 1 cycle 

Step Cycle: 1 minute at 95*C and 1 minute at 60'C for 35 cycles 
Step Cycle: 7 minutes at 60'C for 1 cycle 
Soak: 4'C 

The PCR amplified samples can be stored frozen until subsequent analysis. 

15 

•nie selection of 60-C for the anneal<xtend tempcranire is optimal for ampUficanon 
of the positive control cDNA. It may be necessary to lower or raise the anncal-extcnd 
temperature for other primer-template pairs. Higher anncal-extend temperatures generally 
result in improved product specificity (sec Saiki el al.. 1988. Science 232:487-491. 
20 incorporated herein by reference). The optimum can be determined empirically by testing at 
5-C. or smaller, increments until the maximum in specificity and product yield is reached. 

•n,e optimal magneaum chloride concentration for PCR amplification can be 
determined empirically by testing concentrations from 1.5 to 2.5 mM magnesium chloride 
25 for each primer set. Too Uttic or too much magnesium chloride may effea amplification 
cfTiciency. It may be preferable to adjust the magnesium chloride concentration in parallel 
writii substantial changes in tiie concentration of sample RNA. dNTPs. cDNA. and DNA. 

For templates known to contain a high amount of secondary structure, a "hot stan" 
30 protocol may be preferred. Two reaction mixes for the reverse transcription reaction are 
prepared. Mix A: 9.4 nl sterile distilled water. 2 jil lOX rTth reverse transcriptase buffer. 1 
^l "downstream primer." 2 id sample RNA (<250 ng of total RNA). Mix B: 2 nl. 10 mM 
MnCl2 solution; 0.4 jU dGTP; 0.4 jil dATP; 0.4 jil dCIP: 0-4 nl dTTP (each at 10 mM); 2 
^ll rTth DNA polymerase. 
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Prepare both reaction mixes at toom temperature. Incubate Mix A for 5 minutes at 
70-C. add reaction Mix B (while reaction Mix A is still at 70'C) and incubate for 5 to 1 5 
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minutcs at 70*C as described above in the section entidcd •'Reverse Transcription Reaction.' 
Run the PCR reaction as described above. 

5 The preferred protocol udiizcs the following reagents: 
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rTA DNA polymerase ZS Units/nl 

Primer DM152 (SEQ ID No. 11) 15 (iM 
PrimerDM151(SEQIDNo.lO) 15nM 



Positive Control RNA 

dATP 

dGTP 

dCTP 

dTTP 

lOX rTth Reverse 
Transcriptase RT Buffer 



5 X ip3 copiesAxl 
10 mM 
10 mM 
10 mM 
lOmM 

lOOmMTris-HQ 
pH 8.3. 900 mM KCl 



20 



lOX Chelating Buffer 



Mna2 Solution 
Mga2 Solution 



50% glycerol (vA') 

100 mM Tris-HCl, pH 8.3. 1 M KQ. 
7.5 mM EGTA. 0.5% Twccn 20 
10 mM 
25 mM 



25 
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These components may be assembled as a kit fcH* Ugh temperature reverse 
tianscriprion. Variations to the kit arc within the scope of the disclosed invention. For 
example, MnQ2 may be included in the reverse transcriptase bufTci and Mgdz may be 
included in the Chelating buffer. However, for optimization of the reactions Mna2 and 
Mga2 arc provided as separate reagents. The use of a positive control, while not essential, 
is preferred in a commercial embodinxnt of the invention. 



Example 3 



Homogeneous RT/PCR Assav 
35 This method provides a procedure for a two-step, single addition reverse 

transcription/PCR amplification reaction. A TC9600 thermal cycler (Perkin Ehncr, 
Norwalk, CT) was used and the instrument was turned on, to preheat the cover, prior to 
preparing the reaction mixture. Reactions were carried out in 0.2 ml MicroAmp® tubes. 
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commcnriaUy available from Pcridn Elmer, Norwalk. CT. Each reaction contained 6.4 jal 
sterile distilled H2a 2 ul lOX RT buffer (100 mM Tris-HQ. pH 8.3; 900 mM KG); 1.6 ^1 
of 10 nAl MnQz; 2 jU of lOX dmP-T (2 mM each dATP. dCTP. dGTP in H2O pH 7 0); 2 
ulof2mM<mT>: 1 nlofprin,erDM152(SEQIDNo. IDOSiiM); 1 nl ofprimerDMlSl 
5 (l5nM):and2,ilrTti.DNApolymenise(2.5U/nl). A 20X reaction mixture was made up 
(360 Hi total volume) and 18 >U of the mixture was aliquoted into 16 tubes containing 
templateasdescribedbdow. Thetemplateused was AW109cRNA. Tube Nos. 1-3 and 9- 
1 1 contained 104 copies of template in 2 ^1. Tube Nos. 4-6 and 12-14 each contauied 102 
copies in 2 jil. Tube Nos. 7. 8. 15. and 16 contained only 2 of 30 ng/nl rRNA as a 

10 negative control. ^ vi 

Tube Nos. 1-8 were kept on ice during the RT reaction as -RT controls. Tube Nos, 
9-16 were placed in a TC9600 thermal cycler (Perkin Elmer. Norwalk, CV) and heated for I 
cycle at VOX for 15 minutes and then heated to 95*0 while Tube Nos. I -8 were placed m 
the thermal cycler for the PCR step. All mbes were cycled as follows: 
15 75 seconds 95*C I cycle 

30 seconds 95*0, 20 seconds bO'C for 35 cycles 
2 minutes 60'C 1 cycle 



Results , . . 

20 Five Hi of each reaction u-as then analyzed on a 2% NuSicvc 1% agarose gel. suuncd 

with ethidium bromide and photographed. No product of the Fcdicted size was visible in 

the -RT controls (Tube Nos. 1-8) or the "no target controls" (Tube Nos. 15 and 16). 

Product of the expected size was readily visible in lanes 9-1 1 (104 copies of target) and also 

present in lanes 12- 14 ( 102 copies of target), although, cxpcctedly. with less intensity. 
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Exaniplc4 



1 'tili'iiiiffn Ti m '"^ ' lorii-N-oiv rosvlf^sc n mQ) a Prp r^TTWvrr Prevention 

nnrinp Hiph T r m r mr"- B'^vfrscTransaiptipn nrv\ Amplitown 
30 TTiis example iUustrates the incorporation of an unconventional nucleotide to 

minimize carryover contamination. Ue reaction mix was treated with UNG prior to reverse 
transcription to degrade contaminating products from previous assays containing the sanw 
unconventional nucleotide. UNG treatment is as follows: 0.5 units UNG (developed and 
manufactured by Hoffmann-La Roche Inc. and commercially available from Pcrion Elmer. 
Norwalk. CD per 20 m RT reaction. Tlie reaction was incubated for 10 minutes at room 
tempcramre followed by heating at 70-C for 15 minutes to inactivate the glycosylasc and 
allow for reverse transcription. TTie experiment also demonstrates MnCb concenmition 
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dtradon for deccnnining the opdmum concentraiion for the particular target, primers, and 
reaction conditions shown. The cDNA is then amplified by a PCR. 

An 8X RT reaction mixnne was prepared that contained; 48 \il sterile DEPC-trcated 
5 distilled water 16 \i\ lOX RT Buffer (100 mM Tris-HQ, pH 8.3; 900 mM KQ); 16 jil of a 
dNTP mix containing 2 mM each of dATP, dCTP, dGTP. and dUTP; 16 \il each of.DM152 
(SEQ ID No. 1 1) (1 J jiM) and DM151 (SEQ ID No. 10) (1^ jiM); 16 pi of AW109 cRNA 
template (5 x 103 copies/jil); and 16 pi of iTth DNA polymerase (2J units/^il). The final 
volume was 144 pi (18 nWrcaction). A 7X PGR master mixmre was prepared that 
10 contained: 297 pi sterile DEPC-tieated disdUcd water. 56 pi lOX PGR buffer (100 mM 

Tris-HQ. pH 8.3; 1 M KCl; 7.5 mM EGTA; 50% glycerol [v/v]); 140 pi 10 mM Mga2; 56 
pi dNTP mix containing 2 mM each of dATP. dCTP. dGTP, dUTP; 5.6 pi of each of 
DM152 and DM151 (SEQ ID Nos. 1 1 and 10) (15 pM). The final volume was 560 pi 80 
pi per reaction. 

15 

Eighteen pi of the RT mix was aliquotcd into six sterile microccnuifuge mbcs and 
Mna2 added in a 2 pi volume to provide a fuial MnCl2 concentration as follows: Tube 
Nos. 1 and 2 (1.2 mM MnCla); Tube Nos. 3 and 4 (1.0 mM MnCla); and Tube Nos. 5 and 

6 (0.8 mM MnCl2). A mineral oil overlay (75 pi) was added to each tube and the reactions 
20 were incubated at 70*C for 15 minutes in a water bath. Following the 70*C incubation, 80 

pi of the PGR master mix was added to each. The reaction tubes were thcrmocycled as 
follows: 2 minutes at 95'C for 1 cycle; 1 minute at 95*C and 1 minute at 60*C for 35 cycles; 

7 minutes at 60*C for 1 cycle; and soak at 4'C 

25 Results 

Five pi of each reaction mix was electrophorcsed on a 2% NuSieve 1 % agarose gel 
The gel was stained and photographed. PGR product of the expected size was clearly visible 
in samples from all three Mna2 concentrations. The product yield increased with increasing 
Mna2 concentration. 

30 

Example 5 

Procedure for Sterilization o f a Homogeneous RT/PGR A5:; ;ay 
This example illustrates a method for sterilization of a honxjgencous RT/PGR 
35 reaction contaminated with nucleic acids generated from a previous reaction. The rcaaion 
mix is treated with UNG prior to reverse transcription. 
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■nc unconventional nucleotide. dUIP. is incoxponued during tf.e RT/PCR reaction. 
ConscqucnUy. any produa DNA present as a contaminant in subsequent reacdons =an be 
hydrolyzcd using UNG. 

5 In a 0.2 ml MiooAmp® tube combine 5J5 pi sterile distiUed water. 2 ^1 lOX RT 

buffer (100 mM Tris-HQ. pH 8.3; 900 mM KQ); 2 lU of 8 mM MnQj; 2 m dNTT nux 
containing2mMeachcfdATP.dCn>.dGTP.anddinT^2^1eachofDM152(SEQID 

No 11) CxS m and DM151 (SEQ ID No. 10) (13 ^M); 2 m of AW109 cRNA template 
(5 X 103 copiesAil); nl UNG (1 unit/nl); and 2 nl of rTth (2J units/»U). reaction .s 
10 incubatedforlOminutesattoomtemperanneandsubsequenUyheatedatTO-CforlS 
minutestoinactivatetheglycosylasepriortoreversetranscription. TT,e cDNA .s then 

amplified by a PCR- 

In this example, the positive contn.1 RNA serves as a template for DM 152 (SEQ ID 
15 No ll)andDM151 (SEQ ID No. 10) is the upstream primer. n,e total reaction volumes 

cycler IPcrkin Elmer. Norwalk. CT]) as foUows: 

70*C for 15 minutes for 1 cycle 
20 95-C for 1 5 seconds and 60* for 20 seconds for 2 cycles 

90-C for 1 5 seconds and eO'C for 20 seconds for 33 cycles 
60*C for 4 minutes for 1 cycle 

-n,c optimal manganese concentntion may va,^ depending on the particular sample, target. 
25 primcis. and the dNTP concentration in the reaction mixture. 

Example 6 



AtMiri^-niil Tf rrlm'- N'^^'c'c Acids 
30 Additional RNA and DNA templates were used in the experiments described in the 

Examples, below. 
I. pTM3 

•n,e plasmid pTM3 is a7821 nucleotide circular single stranded DNA wiih 
approximately 700 nucleotides of pAW 109 DNA present. TOs provides a DNA template 
35 wi,hU,esamesequenceandprimcrbindingsiteasthepAW109cRNA. When tnmscnbed 
using primer Mn4 (SEQ ID No. 13). the fust 253 nucleotides are idenncal to pAW109 
cRNA Beyond that region, the DNA becomes G*C rich and comprises DNA from 
Them,us aquaticus. including the gene for the Taq DNA polymerase, m p™3 plasmui 
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was constructed using the foUowing protocol using techniques wcU known in the an (sec 
Sambrook (sec Sambrook ct aL, Molecular Qoning - A Laboratory Manual Cold Spring 
Haibor Laboratory, Cold Spring Harbor. New York, 1989, incorporated herein by 
reference). 

5 

The insert was prepared by Uncarizing pAW109 DNA, described above, with 
Bamm. Linker adapters MT20 (SEQ ID No, 14) and MT21 (SEQ ID No. 15) were 
annealed to the iincari2cdpAW109DNA and Ugated. These linkers anneal to the BamHI 
site. The fragment was digested with EcoRI and the resulting 706 bp fragment was gel 
10 purified. 

The expression vector pLSGl is described in U.S. Patent No. 4,889,818, which is 
incorporated herein by reference, and contains the gene encoding the Taq DNA polymerase. 
The plasmid pLSGl was linearized with EcoRI, mixed with an excess amount of gel 
15 purified fragment, and ligated to *e fragm-cnt. The rcsuldng plasmid was iransfonncd into 
DG98 and single-stranded DNA was isolated with a helper phage (described in U.S. Patent 
Nos. 4.889,818 and 5,079,352 and Lawyer et al., 1993, supra.). 



The oligonucleotide sequences used in the above reactions are provided below. 
Oligo SEP ID No. Sgq"g"<Pg 

MT24 13 5^CAGGTCTCCCAAGTCTGGCGCCCTGCAAATGAGACACnTCTCG-T 
MT20 14 5'-GATCTCCGGA(rrCTAGA-3' 
\rr21 15 5'-AATITCTAGAGTCCGGA-3' 

11. HCV 



HCV RNA transcript was generated as described in Young et al., 1993, J. Clin. 
Microbiol. 21:882-886, which is incorporated herein by reference. The cDNA clone was 
30 designated therein as pHCVl.lA. Preferred primers for the amplification of HCV templates 
are KY78 (SEQ ID No. 16; 5'-CrCGCAAGCACCCTATCAGGC:AGT-3-) and KY90 
(SEQ ID No. 17; 5 -GCAGAAAGCGTCTAGCCATGGCGT-J). KY78 (SEQ ID No. 16) 
and KY90 (SEQ ID No. 17) are biodnylated at the 5* end; KY80 (SEQ ID No. 17) is a non- 
biotinylatcd version of KY90 (SEQ ID No. 17). 

35 

III. HIV 

A ter:plaie was designed with primer binding regions identical to HIV-1 and an 
internal region flanked by the primer binding sites with a nucleotide sequence that, while 
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mainuuning the sa™ base composUion,diffci«lfh,mU«con.^^ sequence 
.ufficienUy toanowdetecdonbyaunique sequence spcci.k probe, ft^^^ 
a.e ampiification of HIV teoipbies are the J-biounylated derivanves of SK431 (SEQ ID No. 
6) and SK462 (SEQ ID No. 5). described above. 

' -nc tenvlate was generated by the annealing and extension of two oUgonucl^es 

d«tovedapby8basesofconvlcn«..arityatthe3'ternuni. TTk constituent ohgo- 
nudeotides can be synthesized by any of d« means for synd,esizing oligonucleoad^ 
described above. The first oligonucleotide. SK550 (SEQ ID No. 18). conuuns a Sail h^^ 

10 andaSK462(SEQIDNo.5)primerbindingregion. The second oUgonucleoude SK551 
(SEQ ID No. 19). contains a SK43 1 (SEQ ID No. 6) primer binding region. Synth«»of 
the control template was carried out using techniques well Icnown in the an (see Sambmok e. 
al., 1989. supra.). 

,5 The reaction mixture for the annealing and extension reaction was as foUows: 

7 m of lOX Polymerase buffer (100 mM Tris-HQ at pH 7.5. 500 mM sodium chlonde 
(NaQ), 100 mM magnesium acetate [Mg(OAc)2l). 

50 pmoles SK550 (SEQ ID No. 18) 
20 50 pmoles SK55 1 (SEQ ID No. 19) 

15 Hi of each dATP. dGTP. dCTP. dTTP (10 mM stock soluuons) 

1 ^1 Klenow Fragment (5 U) 

H20to70lil 

•n,e two oligonucleotides were mixed and held on ice for 10 minutes to allow the 3' 
.eimini of each oligonucleotide to anneal. The extension reaction was earned out for 30 
minutes a. room temperature followed by 30 minutes at 37-C. FoUowing extension. 
reaction mixtun: was held at ITC for 10 minutes to inactivate the polymerase. 

m extended products were digested with Sail, which cleaves the SK550 (SEQ ID 
No. 18) end of the duplex sequence; the SK551 (SEQ ID No. 19) end remains blunt. The 
resulting fragment was cloned into .he Sail and Smal sites of the transcription vector pSP64 
(Piomega. Madison. WI) (with poly A), resulting in plasmid pNAS-2. 

FoUowing isolation and purification. pNAS-2 was linearized by digestion with 
£coRI and transcribed in vim, with SP6 RNA polymerase. To remove residual DNA. the 
RNA w^s digested with RNase-f.ee DNase and passed through an oligo-dT column. 



25 



30 



35 
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Thc nucleotide sequences used in the above reactions arc provided below. 



OligQ SFO TP No. 
SK550 18 



SK551 



19 



10 



S'-CGCGTCGACAGTrGGAGGACATC 
AAGCAGCCATCKIAAATXnTAAAACATAGC 
ACrATAGAACTCnX3CAAGanXX}AGTr,-3' 
y<3ATCXTGCrATGTCAGTTCCCCrrGGT 

TCTCTCATCTCGCCTOGTGCA^ 
ACXSCOntiCATGCACnXKIACTCrCACT 

CGAG-3' 



Fxanrolc? 



^pnp^ny^ Concentration Rangg 
1 5 Extension reactions using RNA and DNA templates in either a Bicine or a Tris buffer 

were perfonned to determine the usable range of Mn^* concenaations for each reaction. A 
series of Mn2+ concentrations for extension reactions with a DNA template and extension 
reactions with an RNA template were used. AU reactions were carried out at 60*0 for 10 
minutes in a 20 nl total volume. Reaction conditions were as follows: 

20 

RNA template. Bi cins Buffer 

3 X lOll copies pAW109 cRNA 
0.125 ^lM MT24 (SEQ ID No. 13) 
300 ^lM each dATP, dCTP. dOTP, dTTP 
25 50 mM Bicinc-KOH (pH 8.3) 

100 mM KOAc (pH 7.5) 
Mn(0Ac)2 (1-20 mM. 1-6 mM shown) 
5 U rTih* DNA polymerase 



30 RNA templatp-. Tris Buffer 

3 X lOl 1 copies pAW109 cRNA 
0.125 ^lM MT24 (SEQ ID No. 13) 
200 ^M each dATP. dCHP. dOTP, dITP 
lOmMTris-HQ (pH 8.3) 

35 90 mM KQ 

MnCl2 (0.4-2.5 mM) 

5 U rTih* DNA polymerase 
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p^F ft template . Bifinr Buffer 

1.5 X 10^1 copies pTM3 ss DNA 

0.0625 HM MT24 (SEQ ID No. 13) 

300 nM each dATP, dCTP, dGTP. dTTP 

50 niM Bicine-KOH (pH 8.3) 

100mMKOAc(pH7.5) 

Mn(OAc)2(l-5mM) 

0.15 U rTih* DNA polymerase 



10 rNATffnrlmf.T"^^"^"' 

1.5 X 10^ ^ copies pTM3 ss DNA 
0.0625 ^iM MT24 (SEQ ID No. 13) 
200 \iM each dATP, dCTP. dOTP. dTTP 
l0tnMTris-Ha(pH8.3) 

15 QOmMKO 

Mna2 (0.4-2.5 mM) 

0.15 U rTth* DNA polymerase 

* Developed and n^ufacta«d by Hoffmann-U Roche Inc. and comn^ally available 
20 from Perkin Elmer, Norwalk, CT. 

T.e an^unt of dNMP incorpomed was assayed as described in Mye. and C^.d. 
1991 supra, which is incorporated herein by reference. The results are shown .n F.gur^ 1. 
19yi.supra,wn.c t~ ^^^^.rdasaDcrccntagcof themaxunumamount 

The amount of dNMP incorporated IS presented as a pcrccnBE ,.^,„:„„,:, 
25 incorporatedforeachreaction. m maximum amount incorporated for each —s 

given below. 

Buffer 100% Activity 



30 



Template ^ . 

Bicinc 98 pmol dNMP incorporated 

Tris 87 pmol dNMP incorporated 

Bicine 166 pmol dNMP incorporated 

Tris 173 pmol dNMP incorporated 



DNA 
DNA 



using the Tris buffer, the mangar.esc concentration providing opuma^ synO^es s w,Ut 
35 DNA templates was found to be app«,ximately 0.6 mM. the enzyme obtained maximal 
^evlniscriptase activity with the RNA template a. apptoximately 1.4 manganese. 
sl^rgTebicineW-ffLbothincreased and broadened theopri^ 
~l.Usingthe bicine buffer.maximum synthesis With DNA templates^ 
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10 



15 



Shifted to '.5 mM manganese. whUc incrcascs in the amount synihesazed with RNA 
tcmplaicswctt seen up to6mM manganese Although the Mn^- optima for fTftDNA 
polymen^ttvcrsc transcripu^acdviiy on RNA templates andDNApoly^ 
DNA templates arc still different for the individual reactions when using a bunnc buffer, a 
single Mn2* concentration of about 3i mM for a homogeneous RT/PCR appears to be at 
least as efficient as the RT/PCR conditions using a Tris buffer described in Example 3 
above. Howc%-er.therangcofusablemanganeseconcentnitionsforeachreactionhasb«n 

gready expanded. TOs is a surprising result because expansion of the dual range would not 
have been predicted given the general theory and Utcrature behind metal buffers. 

Fxamnle 8 

PT^R .Kino H IV ffTTT'""-^ T"'''"'' f"*^ ^"^^^ 
A titration series of MnOz concentration was used in RT/PCRs using HIV templates 
in bo A .licinc and bicinc bu.^ers. Reactions were earned out in a 100 jd total rcacnon 
volume cssendally as described in Example 10. below. Specific reaction condidons were as 

follows: 



200 copies HIV cRNA (pNAS-2) 
20 l^gpolyrA 

13% glycerol (w/v) 

150 nM each dATP, dCTP. dGTP. dTTP 
200nMdUTP 

0.20 HM each SK431 (SEQ ID No. 6). SK462 (SEQ ID No. 5) 
25 2 units UNG* 

10 units rTih* DNA polymerase 
65mMKa 

50 mM Tricine-KOH (pH 8.3) or 3icinc-K0H (pH 8.3) 
MnCl2 (l.O, 1.2. 1.5, 1.75. 2.0, 2.5 mM) 



30 



♦ Developed and manufactured by Hoffmann-La Roche Inc. and commacially available 
from Pcridn Bmcr, Nonvalk, CT. 



Reaction buffers contained 150 dTTP in addidon to 200 dUTP because of 
35 the high percentage of adenine in the HIV RNA target and the reduced efficiency with which 
iheTth DNA polymerase incorporates dUMP during reverse transcripdon. The 
ihem^c^ling profile was essentially as described in Example 10. except that the revere 



5 
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70-Cfor 15 minutes. An^Uficdpnxluctwasanalyzcd 
Option step was camed out at 70 C for 3 
by gel elcctn^pho^sis as described m Example 10. 

crrihed and ampUfied in both the bicine and 

-nc target was found to be .everse i o «> 2.5 mM. with higher levels 

^cinebuff^wi*.aMn-concen=3.on™^^^^^^^ 
of product formadon found w.thm a Mn^- concentian 



Reactions were camed out essenoauy 
15 modifications described herein. 

u above Reactions were earned out in a 
HCVcRNA target isdescribed in Example 6. above. R 

100 Hi volume under the foUowing condiuons: 
" r:^3:M~(SEQlDNo.l6).KV90(SEQlDNo.l7) 

l^igpoly rA 
8% glycerol 

lOUrTth* DN A polymerase 

^dTr-.dOTP.anddUrPOO^^^^^ 

50 mM Bicine-KOH (pH 8.3) or 10 mM Tr,s-HCl (PH « 

100mMKOAc(pH7.5)or90rnMKa 
2.5 mM Mn(OAc)2 or 0.9 mM MnOi 
30 . ^KvHoffmann-LaRochelncandcommerciallyavailablc 

» Developed and manufacmrcd by Hoffmann 
from Perkin Elmer. Norwalk. CT. 

essentially as described in Example 10. below. 
UermocycUng parameters we« e^ ^^^^ ^ ^ 3„,p,.f,cation cycles 
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m fonnarion of amplification pnxluct using *c bicinc/KOA<VMn(OAch buffer was 

Observed overarangcofdNTPconccnoationfn,™ '^^"^^^^^""^^^ 
ngnificantlcvclsof amplification pnxluctwercfonncd using AcTnsACO^ 

only at a 200 nM each dNTP concentration. 

Fic^mple 10 



20 



p^» p.n>^ns R T f """" Tempi W5 

RT/PCR amplification based assays for the detection of hepatitis C viins (KCV) are 
10 describedinEmopeanPatent AppUcationEP-A-529.493.andinYoungetal.. 1993.supn. 
each inconx^rated herein by reference. EP-A-529.493 describes the detection of the 
amplified product using a microweU plate detection forn»t. Similar assays areusefiU f«- the 
detection of human immunodeficiency virus (HIV). Tlte homogeneous RT/PCR methods of 
U^presentinventionareusefidfortheamplificationofHIVandHCVviral^t^^^^^ 

15 the protocols described below. Homogeneous reactions using both btaneACOAcfl^COAch 
and TiisACO/Mna^ buffen arc described below; the use of the bicineAC0Ac/Mn(0Ac)2 
buffer is preferred. Sample template may be either from clinical samples or the HIV and 
HCV templates described in Example 6. above. Suitable method for the preparanon of 
clinical sample preparation are described in the above cited HCV assay references. 

Preferred primers for the RT/PCR amplification of HIV templates are the 5' 
biotinylatcd derivatives of SK431 (SEQ ID No. 6) and SK462 (SEQ ID No. 5). Preferred 
primers for the RT/PCR ampUfication of HCV templates are KY78 (SEQ ID No. 16) and 
KY90 (SEQ ED No. 17). 

Reaction conditions for HIV and HCV RT/PCR using Bicine-KOH (pH 8.3). KOAc 
(pH 7 5). and Mn(OAc)2 in 100 pi to'al reaction volunK are provided below. The HIV 
reaction conditions illustrate the use of an increased dUIP concentration to facilitate the 
incorporation ofdUMP. 

F»r HIV templates: For HCV templates: 

15% glycerol (w/v) 10% glycerol (w/v) 

300,iMdATP 200MMdATT» 

300MMdCn> 200nMdCrP 

35 300uMdGTP 200nMdGTP 

50nMdTTP 

SOOuMdUTP 200|iMdinP 

20 pmolAxn upstream primer 15 pmol/rxn upstream pnmcr 



25 



30 
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20 pmol/rxn downstream primer 
2 units UNG* 

10 units rXth* DNA polymerase 
50 mM Bicine-KOH pH 8.3 
lOOmMKOAc pH7.5 
3.6mMMn(OAc)2 



15 pmol/rxn downstream primer 
2 units UNG* 

15 units iTih* DNA polymerase 
50 mM Bicinc-KGH pH 8.3 
100mMKOAcpH7.5 
3.5mMMn(OAc)2 



♦Developed and manufactured by Hoffmann-U Roche Inc. and commercially available fh>m 
Peikin Elmer. Norwalk, CT. 



10 



Reaction 



conditions for Tris-HQ (pH 8.3). KQ. Mna2 in 100 id total reaction 



volume: 



15 



20 



25 



Fnr HTV templates: 

15% glycerol (w/v) 

150^MdATP 

ISO^MdCIP 

150 ^iM dGTP 

150 nMdTTP 

200^MdUTP 

20 pmol/ntn upstream primer 

20 pmol/rxn downstream primer 

2 units UNG* 

10 units rTth* polymerase 

90mMKa 

lOmMTris-HClpH 8.3 
0.85 mM MnQa 



Fnr^rv tenmlatcs: 
10% glycerol (w/v) 
200nMdATP 
200HMdCTP 
200 nM dGTP 

200^dUTP 

15 pmol/rxn upstream primer 

15 pmol/rxn downstream primer 

2 units UNG* 

10 units rTth* polymerase 

90mMKa 

lOmMTris-HCl pH 8.3 
0.90 mM MnOi 



* Developed and manufactured by Hoffmann-La Roche Inc. and commercially available 
30 from Perkin Elmer, Norwalk, CT. 

Reactions are carried out in a TC9600 themnal cycler (Perkin Elmer, Norwalk, CT). 
-n^e thermal cycler is programmed to provide the following temperanire profile for the 
amplification of HP/ template: 



35 



50'C for 2 minutes for the UNG sterilization; 

60'C for 30 iTiinutes for the reverse transcription step; 

4 cycles of (95-C for 10 seconds, 55*0 for 10 seconds, 72-C for 10 seconds); 
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24 cycles (MicrowcU Plate assay) or 36 cycles (Agarose Gel Analysis) of (90'C far 
10 seconds, 60*C for 10 seconds, 72'C for 10 seconds); and 
holdat7rC 

The thermal cycler is programmed to provide the following temperature profile for 
5 the anqjlification of HCY vaxtpUsc: 

50*C for 2 minutes for the UNG sterilization; 
60*C for 30 minutes for the reverse transoipiion; 
2 cycles of 95*C for 1 5 seconds, 60'C for 20 seconds; 
38 cycles of 90'C for 15 seconds, 60*C for 20 seconds; 
10 60*C fOT 4 minutes; and 

hold at72'C 

Amplification product is analyzed either by visualizadon following agarose gel 
electrophoresis or by a microwell plate assay. For agarose gel analysis, 5 \i\ of each reacdon 
15 are added to 2 pJ of load buffer (30% sucrose, 0.1% brwnophcnol blue, 10 mM EDTA) and 
analyzed by 4% (3% NuSicve, 1% Agarose) agarose gel electrophoresis in IX Tris-boraic 
EDTA with eihidium bromide (10 ^ig per 100 ml of agarose) added into the agarose. 
Electrophoresis is at 125 V for 30 minutes. 

20 Microwell plate analysis for HCV is described in EP-A-529,493 and in general, in 

U.S. Patent No. 5732*829. Microwell plate analysis of HIV amplification product is as 
described for HCV but using the HIV specific probes described in Jackson ct al, 1991. 
AIDS 5: 1463- 1 467. incorporated herein by reference. 

25 Example 1 1 

RNA Stability 

To assay the stability of RNA using different buffer conditions, RNA was incubated 
at elevated temperatures in reaction mixtures similar to those of a reverse transcription 
30 reaction but with the polymerase onuned to insure that no synthesis occurred. The reaction 
mbctures (20 \il volume each) consisted of the following: 



35 



100 ng [33?] labeled pAW109 cRNA 

1.5 ^M KY8C (SEQ ID No. 17) 

200 \iM each dATP, dCTP, dGTP, and dUTP 
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2 Hi rTih DNA polymerase storage buffer (equivalent to 5 units of polymerase) 
Buffer conditions were varied by the addition to the above reagents of the buffer 
reagents described below. All reaction mixtures were incubated at lO'C for 25 minutes with 
the exception of sample 1 which was incubate at 4*0 for 25 minutes for comparison. TTie 
5 amount of fuU length RNA recovered was determined using an Ambis 4000 Radioanalytic^ 
Imaging System (Ambis, Inc., San Diego, CA) foUowing gel electrophoresis. AU values^ 
were normalized using the results of sample 2 as 100%. Bicine-KOH and Tris-HQ were 
added at pH 8.3; KOAc at pH 7.5. 

10 Added Reagents AmptintRwvOTd 

1. None added (4*C incubation) ^^3% 

2. None added (70*C incubation) 100^ 

3. 2.5 mM Mn(OAc)2 

4. 2.5 mM Mn(0Ac)2; 100 mM KOAc 1 % 
15 5. 2 J mM Mn(0Ac)2; 50 mM Bicine-KOH 3% 

6. 2.5 mM Mn(0Ac)2; 100 mM KOAc; 50 mM Bicine-KOH 25% 

7. * 2.0 mM Mn(0Ac)2; 100 mM KOAc; 50 mM Bicine KOH 47% 
8. 2.5 mM Mn(0Ac)2; 100 mM KOAc; 50 mM Bicine KOH 29% 
9. 3.0 mM Mn(0Ac)2; 100 mM KOAc; 50 mM Bicine KOH 25% 

20 10. 0.9 mM MnCl2 
11. 1.0mMMnCl2 

12. 1.0 mM MnCl2; 90 mM KCl; 10 mM Tris-HQ 16% 
* Sample 7 had an additional 100 ^iM of each dNTP (300 ^iM each dNTP). 

25 The addition of manganese, which catalyzes the hydrolysis of RNA. increases the 

degradation of RNA at high temperatures as tan be seen comparing samples 2 and 3. The 
addition of a buffer containing 2.5 mM Mn(OAc)2, 100 mM KOAc. and 50 mM Bicine- 
KOH significantiy reduced RNA degradation. Comparing samples 3, 4. 5, and 6 indicates 
that all components of the buffer must be present to decrease the amount of RNA 

30 degradation observed. The Mn(0Ac)2/K0Ac/Bicine-K0H buffers decreased the amount of 
RNA degradation relative to the Mna2/KCiyTris-Ha buffers as can be seen comparing 
samples 6-9 to sample 12. 

A high temperature preincubation will facilitate the ampUfication of double-stranded 
35 RNA targets as well as targets unth a high degree of secondary structure by denaturing the 
RNA prior to reverse transcription. To assess the effect of a high temperature preincubation 
on the stability of RNA in a bicine/KOAc/Mn(OAc)2 buffer. RNA was incubated at elevated 
temperatures in reaaion mixtures similar to those of a reverse transcription reaction but with 
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ihc polymerase ondttcd to insure that no synthesis occ^ The reaction mixnircs (20 pi 
volume each) consisted of the following: 

250 ng (33pj labeled pAW109 cRNA 
5 1.5 pM DM151 (SEQ ID No, 10) 

300 \iM each dATP. dCTP, dGTP, and dUTP 
5C mM Bicine-KOH (pH 8.3) 
100mMKOAc(pH7.5) 
15mMMn(OAc)2 

0 2 pj iTth DNA polymerase storage buffer (equivalent to 5 units of polymerase) 



The reaction mixtures were incubated at the temperatures shown below and the final 
amount of full length RNA was detennined using an Ambis 4000 Radioanalytic Imaging 
System (Ambis Inc., San Diego, CA) following gel electrophoresis. Incubations were done 
1 5 in triplicate and the average amount of undegradcd RNA remaining was normalized to the 
amount remaining after a 25 minute 4*C incubation. The average standard deviation for the 
amount recovered from the 3 reaction incubations within a group was 1 1%. 



Incubation Tempcranire AnrxHint Recovered 
20 4*C for 25 minutes 1 00% 

95'C for 15 seconds, 4*C for 25 minutes 84% 
60*C for 25 minutes 66% 
95'C for 1 5 seconds, 60*C for 25 minutes 68% 

25 An incubation of 60'C for 25 minutes is comparable to the conditions of a reverse 

transcription as described in the previous examples. No detectable additional loss of full 
length labeled RNA occurred when a 15 second, 95*C preincubation of the RNA was 
included. 

30 Example? 2 



Effca of Manganese Concentration on RT/PTR \ i ' ing HCV Templates 
RT/PCR amplification reactions were carried out over a range of manganese 
concentrations using both bicine/K0Ac/Mn(0Ac)2 and Tris/KCl/Mna2 buffers. Reaction 
35 conditions for the HCV RT/PCR in 100 ^il total reaction volume are provided below. 
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100 copies HCV CRN A 
200jiMdATP 
200iiMdCrP 
200^iMdGTP 
5 200^MdUTP 

15 pmoIAxn KY78 (SEQ ID No. 16) 
15 pmol^ KY90 (SEQ ID No. 17) 
2 units UNG* 

10 units rTth* DNA polymerase 
10 8% glycerol (w/v) 

50 mM Bicine-KOH (pH 8.3) or 10 mM Tris-HQ (pH 8.3) 

100mMKOAc(pH7.5) or 90mMKCl 

Mn(0Ac)2 , or ^<^2 

* Developed and manufactured by Hoffniann-La Roche Inc. and comnicicially available 
1 5 from Perkin Elmer. Nonvalk, CT. 

The manganese concentrations used were 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 mM 
Mn(0Ac)2 and 0.7, 0.8. 0.85, 0.9, 0.95, and 1.0 mM Mna2. Reactions were carried out 
in a TC9600 thermal cycler (Pcridn Elmer, Norwalk, CT). The thermal cycler was 
20 programmed to provide the temperature profile described in Example 10, with the exception 
that the reverse transcription was performed a 70"C for 25 minutes followed by a 1 minute 
incubation at 95'C Amplification product was analyzed by visualization following agarose 
gel electrophoresis as described in Example 10. 

25 Amplification product was observed using the bicine/K0Ac/Mn(0Ac)2 buffer for a 

Mn(0Ac)2 concentration range of 2.0-4.0 mM. Amplification product was observed using 
the Tris/KCl/Mna2 buffer for a MnCli concenaation range of 0.8-1.0 mM, Under these 
reaction conditions, product was observed over a 10-fold greater range of manganese 
concentration using the bicine/KOAc/Mn(OAc)2 buffer as compared to the Tris/KG/Mna2 

30 buffer. 

Example 1 3 

RT/PCR Using a High Tris Concentration 
35 RT/PCR amplification reactions were carried out over a range of manganese 

concentrations using Tris/KCl/MnCl2 buffers with two concentrations of Tris. Reaction 
conditions for the HCV RT/PCR in 100 ^1 total reaction volume are provided below. 
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500 copies HCV CRN A 
200uMdATP 
200jiMdCrP 
200jiMdGTP 
5 200jiMdUTP 

15 pmolAxn KY78 (SEQ ID No. 16) 
15 pmolAxn KY80 (SEQ ID No. 17) 
2 units UNG* 

10 units rTth* DNA polymerase 
10 8% glycerol (w/v) 

10 mM Tris-HQ (pH 8.3) or 100 mM Tris-HQ (pH 8.3) 

90mMKaor45mMKa 

Mna2 

* Developed and manufactured by Hoffmann-La Roche Inc. and commcxcially available 
1 5 from Perkin Elmer, Norwalk, CT, 

Tnc manganese concentrations used were 0.7, 0.8, 1.0, 1.2 and 1.3 mM MnCl2 for 
each Tris concentradon. Reactions were carried out in a TC9600 thermal cycler (Peridn 
Elmer, Norwalk, CT). The thennal cycler was progn^i. .J to provide the temperature 
20 profile described in Example 10, with the exception that the reverse transcription was 

performed at 70'C for 25 minutes followed by a 1 minute incubation at 95*C Amplification 
product was analyzed by visualization following agarose gel electrophoresis as described in 
Example 10. 

25 Amplification product was observed using the 100 mM Tris buffer for a Mna2 

concentration range of 0.7-1^ mM. Amplification product was observed using the 10 mM 
Tris buffer for a Mna2 concentration range of 0.8-1.0 mM. Under these reaction 
conditions, product was observed over a greater range of manganese concentration when the 
concentration of Tris in a Tns/KCmnCii buffer was increased from 10 to 100 mM. 

30 

The invention has been described in detail, but it will be understood tiiat variations 
and modifications can be effected within the spirit and scope of the following claims. 
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SEQUENCE LISTING 



{!) GENERAL INFORMATION: 



(i) APPLICANT: ^ v, i,r- 

(A) NAME: F.Hoffmann-La Roche AG 

(B) STREET: Grenzacherstrasse 124 

(C) CITY: Basel 

(D) STATE: BS 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE <2IP) : CH-4002 

(G) TELEPHONE: (0)61 688 24 03 

reactions 

(iii) NUMBER OF SEQUENCES: 19 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy a^sk 
IB) COMPUTER: IBM PC compatible 
C Opfp^TING system: PC-DOS/MS-DOS 
(D) SOFTWARE: Patentin Release #1.0, Version 

(vi) PRIOR APPLICATION DATA: ^p.^fiG 483 

(A) APPLICATION NUMBER: US 08/086, 4bJ 
B) FILING date: Ol-JUL-1993 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 
iO STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1. 
GGCATATGGC TAGACTATTT CTTTTTG 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

xi SEQUENCE DESCRIPTION: SEQ ID NO: 2. 
AGGTTCCGAT GAAGTCTGTA GGTGATGTCT G 

(2) INFORMATION FOR SEQ NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: genomic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CTACAGACTT CATCGGAACC TCCTTAAGCG 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CCAACCCGCC TCGGCCACGA AGG 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AGTTGGAGGA CATCAAGCAG CCATGCAAAT 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TGCTATGTCA GTTCCCCTTG GTTCTCT 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
ATAATCCACC TATCCCAGTA GGAGAAAT 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TTTGGTCCTT GTCTTATGTC CAGAATGC 

(2) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
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{B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 9^^^^^^ ^^^^^^ q. 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO. 9. 
TGGAGAACAC CACTTGTTGC TCCA 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 9^"°"*^^,^^^^^^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 10. 
GTCTCTGAAT CAGAAATCCT TCTATC 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 9^^°"^^*=^^^^^^ ... 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO. U. 

CATGTCAAAT TTCACTGCTT CATCC 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

xi) SEQUENCE DESCRIPTION: SEQ ID N^ 12. 
GCTTGCAAGC TTTATTTAGT TATGACTGAT AACACTC 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 14. 
GATCTCCGGA CTCTAGA 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
AATTTCTAGA GTCCGGA 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CTCGCAAGCA CCCTATCAGG CAGT 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GCAGAAAGCG TCTAGCCATG GCGT 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CGCGTCGACA GTTGGAGGAC ATCA.=.GCAGC CATGCAAATG TTAAAACATA GCACTATAGA 
ACTCTGCAAG CCTCGAGTG 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GATCCTGCTA TGTCAGTTCC CCTTGGTTCT CTCATCTGGC CTGGTGCAAT AGGCCCTGCA 
TGCACTGGAT GCACTCTCAC TCGAG 
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Qaims 

1 . A method for ampUfying a target RNA molecule in a sample, the method 
comprising the steps of: 

(a) noting said sample in a reaction mixture comprising a first and second 
primer, wherein said first primer is sufficienUy complementary to said target RNA to 
hybridize therewith and initiate synthesis of a cDNA molecule complementary to sa^ target 
RNA and said second pnmer U sufficiently homologous to said target RNA to hybnd.re to 
said cDN A and initiate synthesis of an extension product, and a thermostable DN A 
polymerase in the presence of all four deoxyribonucleoside nriphosphates, in a appropnate 
buffer, wherein said buffer comprises a divalent cation, at a temperatun. suffiaem for sa:d 
thernxmble DN A polymerase to initiate synthesis of an extension product of sa,d firs, 
primer to provide a cDNA molecule complementary to said target RNA; 

(b) treating said reaction mixmre at an appropriate temperature to provide single- 

stranded cDNA; 

(c) treating said reaction mixture at an appropriate temperature for said 
themwstable DNA polymen.se to initiate synthesis of an extension product of said second 
primer to provide a double-stranded cDNA molecule; and 

(d) ampUfying the double-stianded cDNA molecule of step (c) by a polymerase 

chain reaction; . 

characterized in that said buffers of steps (a) a.id (d) further comprise a buffering 
agent that binds said divalent cauon. whereby said divalent cation is preferably M^2^ 
wherein the Km of the divalent cation binding reaction of said buffer at 20 C and 0. 1 M 
ionic strength is between 10 and 106. preferably between 10^ and 10*. more preferably 
between 102-5 and 103-5. 

2 The method of Oaim 1. wherein said buffering agent is a zwitterionic 
compound providing hydrogen ion buffering, wherein the pK^ of said buffer at 20-C and 
0. 1 M ionic strength is between 7 and 9 . preferably between 7.5 and 8.5. 

3. The method of Claim I. wherein said buffer further comprises N.N-bis(2- 
hydroxyethyDglycine or NItris(hydroxymethyl)methyllglycine. 

4 The it«ihod of Claim 3. wherein said buffer funhcr comprises an acetate salt 
selected from the group consisting of sodium acetate, potassium acetate, ammonium acetate. 

and lithium acetate. 
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5 . The method of any one of Claims 1 to 4. wherein said ihcnnosiablc DNA 
polymerase is ihc Thcnnus aquaricus DNA polymerase or the Thcrmus thermophjlus DNA 
polymerase. 

6. The method of Claim 5. wherein said DNA pdynicrase is recombinant Tih 
DNA polymerase. 

7 . The method of any one of Claims 1 to 6, wherein the temperature at step (a) 
is between 40*C and 80'C 

8. A method of sterilizing a rcvcree transcription reaction, a honx>gencous 
reverse transcription/amplification reaction or an amplification reaction contaminated with 
nucleic acids generated from a previous reverse transcription reaction, wherein said previous 
reverse transcription reaction resulted from mixing conventional and unconventional 
nucleoside triphosphates into a reverse transcription reaction mixture and generating cDNA 
products having the conventional and unconventional nucleotides incorporated therein, 
which mith&j comprises degrading the contaminating nucleic acids by hydrolydng covalent 
bonds of the unconventional nucleotides and wherein said reverse transcription reaction 
mixmre further comprises a Thcrmus ihcrmophilus DNA polynvirase, a divalent cation, 
preferably Mn2+^ and a buffer, wherein said buffer comprises a buffering agent that binds 
said divalent caion, wherein the Km of the divalent cation binding reaction of said buffer at 
20*C and 0.1 M ionic strength is between 10 and 10^, preferably between 10^ and 10^. 
more preferably between lO^-^ and lO^-^. 

9. The method of Claim 8, wherein said previous reverse transcription reaction 
is a homogeneous reverse transcription/amplification reaction. 

1 0. The method of Claim 8 or Claim 9, wherein said buffering agent is a 
zwinerionic compound providing hydrogen ion buffering, wherein the pKg of said buffer at 
20*C and 0.1 M ionic strength is between 7 and 9, preferably between 7.5 and 8.5. 

1 1 . The method of Qaim 8 or Qaim 9, wherein said buffer comprises N.N- 
bis(2-h>an)xyeihyl)glycine or N[iris(hydroxyinethyl)methyllglycine. 

1 2. The method of Claim 1 1 , wherein said buffer further comprises an acetate 
salt selected ftom the group consisting of sodium acetate, potassium acetate, ammonium 
acetate, and lithium acetate. 
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13. A buffer for canying out a homogeneous reverse transcription/amplification 
reaction comprising a divalent cation, a monovalent cation, and a buffering agent, wherein 
the divalent cation is preferably Mn2+ and the buffering agent is a chelating agent that binds 
said divalent cation, wherein the Km of the divalent cation binding reaction of said buffenng 
agcnta20-Cand0.1 M ionic strength is between lOand I O^, preferably between lO^and 
10*. more preferably between lO^-^ and l(P-5. 

14. The buffer of Claim 13. wherein said buffering agent is a zwitterionic 
compound providing hydrogen ion buffering, wherein the pKa of said buffer at 20-C and 
0.1 M ionic strength is between 7 and 9. preferably between 7.5 and 8.5. 

1 5. The buffer of Qaim 13, wherein the buffering agent is N,N-bis(2- 
hydroxycthyDglycine or N[tris(hydroxymeihyl)methyl]glycine. 

16. The buffer of Qaim 15, wherein said divalent canon is supplied by 
manganese acetate, manganese chloride or manganese sulfate, and die monovalent cation is 
supplied by an acetate salt seleaed from the grtup consisting of sodium acetate, potassium 
acetate, ammonium acetate, and lithium acetate, 

17. The buffer of Qaim 16. wherein said divalent cation is supplied by 
manganese acetate, at a concentration of between 1 .2 and 5 mM. 

1 8. The buffer of Claim 16, wherein the monovalent cation is supplied by 
potassium acetate. 

19. A method for reverse transcribing a target RNA molecule in a sample, the 
method comprising the steps of: treating said sample in a reaction mixture comprising a 
primer, wherein said primer is sufficientiy complementary to said target RNA to hybridize 
therewith and initiate synthesis of a cDNA nwlecule complementary to said target RNA, a 
ihermoactive DNA polymerase, four deoxyribonucleoside triphosphates, and an appropriate 
buffer, wherein said buffer comprises a divalent cation, preferably Mn2+, at a temperature 
sufficient for said thcrmoactive DNA polymerase to initiate synthesis of an extension product 
of said primer to provide a cDNA molecule complementary to said target RNA, wherein said 
buffer further comprises a buffering agent that binds said divalent cation, wherein the Km of 
the divalent cation binding reaction of said buffer at 20*C and 0. 1 M ionic strength is 
between 10 and 10^ preferably between 10^ and 10^, more preferably between \0'^^ and 
103.5 
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20. The method of C3aim 19. wherein said buffering agent is a rwiticrionic 
compound providing hydrogen ion buffering, wherein the pK^ of said buffer at 20*0 and 
0. 1 M ionic strength is between 7 and 9, preferably between 7^ and 8.5. 

2 1 . The method of Claim 20, wherein said buffer funher comprises N J^-bis(2- 
hydroxyethyDglycinc or NItris(hydroxymethyl)methyl]glycine. 

22. The method of Oaim 20, wherein said buffer further comprises N J^-bis(2- 
hydroxyethyl)glycine or Nttris(hydroxymethyl)methy I] glycine; and wherein said buffer 
further comprises an acetate salt selected from the group consisting of sodium acetate, 
potassium acetate, ammonium acetate, and lithium acetate. 

23. The method of Claim 22, wherein said thennorctivc DNA polymerase is the 
Themius aquaticus DNA polymerase or the Thermus ihcmiophUus DNA polymerase. 

24. The mctliod of Claim 23. wherein said DNA polymerase is recombinant Tth 
DNA polymerase. 

25. The method of Claim 23 or Qaim 24, wherein said temperature of said 
reaction mixture is between 40*C and 80*C. 

26. Use of a buffer as claimed in Qaims 13 to 1 8 for performing a reverse 
transcription reaction using a thermostable DNA polymerase. 
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27. A Id. comprising a buffer as claimed in Oaims 13 » 18 and a .hermoacrive 



DNA polymerase 
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[Mn2+J (mM) 
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50 mM Bicine-KOH (pH 8.3) 
100 mMKOAc 
2.5 mM Mn(0Ac)2 



lOmMTris-HCl (pH 8.3) 
100 mM KCI 
0.9 mM MnCl2 



244 bp 
produci 




